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I 


CHAPTEB V 

DEVELOPING THE MAP CONTOURS 


36. Use of Aerial Photogriyhs for Plan Plotting 


In aerophotosurTeying, all £eat.ures of tJ&e ground relief are recorded on t.he 


|photx>graph. In order make a nap fron this photograph, it is first necessary to 


jinterpret the print and identify the contours and then to transpose these contours 


jonto a nap. This chapter will deal with the various nethods of transposing the re- 
ilief features from a photographic print to a map. 

j If the photograph was taken at a strictly horizontal position and had no tilt, 

I 

ithe image, in case of flat terrain, will resemble the actual map plan but at a cer- 
tain scale and at arbitrary orientation. The aerial photograph is of much greater 

lvalue than prints made by geodetic surveys since it captures much more relief detail 

I 

jshich, in turn, msdees it easier to correctly orient the contours and furnishes val- 
juable data for many branches of the national economy (land management, hydrotechnol- 
jogy, planning of comniuni cation lines, geology, etc. ). The relative position of con- 
jtours is also much more accurately recorded on an aerial photograph. 

I If the aerial photogrs^h was taken at a tilt, its image cannot be used directly 

|to make a map. The distortion of the photograph (i.e. , deviation from its plan), as 


jshown by eq. (10), increases from the center toward the edges. In cases of ^all an- 
jgles of tilt, the central section of the print may be considered as undistorted, 
jpor rv ample, if a < 0. 5* , fi^ = 70 mm, and r = 65 mm, the maximum distortion at the 


! - ' - ' -k 

t 

^dges of the central section will not excec^l 6a = 0. S 
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However, if the angle of tilt during exposure is ±3* or even 5*, the resultant 
distortion will not interfere too ouch with using these photographs for iBiq[> making. 
The distortion can be easily corrected by the transformation process which is a means 
;of projecting the print onto a tilted surface, cospcmsating for the original tilt 
ifrom the horixontal. During the transformation process the image is also adjusted to 
the desired scale, which is either enlarged or diminished compared to the original. 

A more serious drawback is the displacement of points on a print, caused by the 
inature of the relief. If the magnitude of these displacements does not exceed the 
^specified accuracy limits of the map, which is common in areas of flat contours, 
ithen these prints are used directly for map making. If, however, relief distortion 
jexceeds specified limits, then a special process of transformation is employed 
{(transformation by sections) or the map is prepared by stereophotogranmetric mipping 
iaethods. 

i 

j This means that aerial photographs, irrespective of their position in space 

i 

(angle of tilt) can be used to determine the contours of a map without field survey- 
ing of the relief. Field surveys are used only to obtain supplementary information 

! 

po establish details not ciptured by the aerial photographs. 

! however, the photograph gives the contours of the terrain but does not orient 

them with respect to the coordinate system of the area (mcp), and appears at a 

i 

Islightly different scale. It is therefore mandatory, even in the case of strictly 
jirertical photographs, to have two control points (whose locations on the map are 
[cnown). These are required for establishing the proper scale ratio between map and 
photograph and to orient the photograph with the coordinates of the map. However, 

i 

photographs with tilt are used in the processing, which must be transformed. To 
jtransform the photograph, at least four control points of the photo must be avail- 
table on the map. Some of these control points are determined by geodetic means and 

I 

|f>art by photogrammetric measurement of the prints. 

Aerial photographs are not used exclusively for photogrammetric purposes. They 
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are oft«a of ^reat help to the topographer in plane-table field aurreying. There 
are cases, e^ecially under wartime conditions, when only a few sectional photo- 
graphs or a partial strip of prints are available for the terrain to be aii^>ped, which 
•do not cover the entire area. In such cases, for the sahe of speed, the topographer 
jnust make full use of the available prints by interpreting them and transposing these 
idata to a map. To do this, the topographer must be able to measure distortion amd 

jto compensate for it. 

i 

i Another valuable use for aerial photographs is in the revision aund restoration 

iof obsolete maps. Most of the corrective work in this case can be performed in the 
(drafting room or laboratory by using the unchanged or basic relief of the ma^ as 
jcontrol points. Field surveying is necessary in this caise only to establish the 
(detail which did not appear on the aeriaJ. photographs. In revising and restoring 
bbsolete maps measurement of the relief distortion of the aerial photograqphs is re- 
tcfuired. 


|37. Photoma^ and Mosaic 

! 

j The easiest and fastest way of making a mcqp from aerial photographs is by the 

i 

preparation of a photomap. This fact has led to extensive use of photomaps in map- 
ping flat terrain. 

j The photomap is an area plan, assembled from aerial photographs which had been 
porrected for scale and for angle of tilt (transformed), 
i Preparation of a photomap comprises the following steps: 

I 1) Photogrammetric densi fication of the control network; 

2) Transformation of aerial photographs; 

j 

{ 3) Assembly of aerial photogriphs by control points. 

i 

f To make a photomap, a grid of geodetic control points is needed, while photogram- 

I 

jnetric work requires the processing of the photographs at a station using complicated 
(instruments, such as transforming printers. In cases in which high map accuracy is 
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not required, e.g. for general study of an area, preliadnary exploration, aaall-area 
:topographic aork (relief surrey, field interpretation) an uncontrolled Mosaic is 
often used. 

I M uncontrolled Mosaic rq>resents an asscMbly (coeiposite) of aerial photogriq>ha, 
ijoined by their oosMon contours, without the use of special control points. Contact 
{prints are conamnly used in such Mosaics. Ihese prints are not corrected for tilt 


jdistcrticn and are not brought to a comnon scale. 


i38. Making an Uacont roiled Mosaic 


31 
/ ( 

/ ' 

/ 


The amplest Method of asseMbling a Mosaic froM adjacent photoMaps is through 
contour points located in the orerlap section of the prints (Tig. S 3 ). Howerer, due 
to scale rariations and tilt distortion, it is inpossible to Make all contour lines 
c»incide. so that it usually is attespted to natch points haring the least distor- 
Mon, e.g., point a and b of prints 1 and 2 (Fig. 54 ). or points c and d of prints 2 
^d 3, or points k and b of prints 1 and 23 in the adjacent flight strips located 
Mong the line ab, cd, kb of the orerlapping prints. After placing the photographs 
^n their orerlap position, the accuracy of overlap is checked by making pin pricks 
trough the top print onto the bottom print for selected contour points. For exan- 
|>le, if the points c and d do not coincide, because of scale differential of the 
j.rints, then analogous points 03 . C 3 and dj, dj are determined on line cd in such a 
py that points C 3 and d 3 would be located at equal distances from points 03 and dj, 
put, in opposite directions. 


The contour points a and b, c and d are selected relatire to the terrain, usu- 


! 


plly haring the smae elevation, so that their relief distortion variance would be 


|nt a ninimuo). 


After matching the prints in overlap, they are held flat with weights and cut 


j-ith a scalpel along line ab. The line of cut is usually not straight, in order to 
(intersect a given contour line as few times as possible and at less sharp angles. 


112 
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The cut.t.ing line is made in zones of best coincidence of contour lines and in zones 
of siaiiiar hatf^ures depicting the terrain. 

Next the prints are cemented to a sheet of cardboard or heavy paper, leaving the 
edges unglued since they auiy be cut off in mounting the next photograph. 

After cementing from 2 to 4 prints of one flight strip to the board, the adj a- 
icent prints of another flight strip are amunted, and the work is continued simulta- 
jneously on two to three flight strips. For exaaple, print 23 (Fig. 54) is mounted by 


Fig. 53 


23 


' 


Overlapping the Prints 



Fig. 5 4 - Selecting the Direction 
of Cut 


( 


i the above method, while print 24 and the following prints are mounted simultaneously 

I 

i along both sides of the overlap, side lap and end lap, along the points b, n and 

I 

{b, d. If the contour points do not coincide, the print is mounted in such a way 

I 

I that the discrepancy is at a minimum. The prints are cut at this time along the 
(lines of the end lap. A strip of thin celluloid (0.2 mm) is placed under the prints 
i to be cut, in order to protect the print below it as well as the base aK>nnt. The 
I side lap is triewned off after all or a major portion of a flight strip has been 

I 

{ mounted. 

I 

Dhring mounting of the prints, there is a cumulation of errors due to inaccu- 
I rate aaounting as well as to print distortion. In order to minimize the errors of 
I assembly, the mosaic is laid from the center of the area to be assembled, i.e. , from 


113 
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center of the mddie flight atrip. 

To nininite the errors, due to rotation of the photographs and the bend of the 
(flight atrip, the Mounting is often done along the initial radial (direction betaeon 
ithe centers of the prints). The center points are pin pricked on the prints (con- 

I . . . 

tour points with a circle outline of r f|^ : 50 around the principal point, which 
can be easily locatcMl on adjacent photographs). These points are also pricked on the 
adjacent prints. The radials are then narked on all the prints fron the center point 
»f a given photograph to the inages of the center points of adjacent photographs 

1 (Fig. 55). 

1 1 j— — — » ^ prints of a strip in such a case are no 

^ ^ ^ ^ longer mounted according to the points a and b. 

Of K, superinposing the initial radials 0 ]^O 2 of 

I 

the first photograph and 020 ^ of the second print. 

I Having aligned these directions, the prints are 

I Fig. 55 - Initial Radial shifted along them until their comaon contour 




Fig. 55 - Initial Radial 


!poi®t kj^ is aligned. This point lies half way along the initial radial or, other- 

I 

jwise, at the center of side lap. The rest of the flight strip is mounted, pasted, 
jand triinned by the above- described method. 

1 39. Transforming Aerial Photographs 

j In transforming of prints, they are corrected for distortion due to angle of 

jtilt during photography and are made to conform to a common scale. The solution of 
ithis problem lies in the process of conversion (transformation) during which the im- 
^•g® of the tilted print is projected onto a horizontal surface, conpensating for the 
linitial tilt. 

I The principle of transformation can be explained as follows: 

j Taking into account the external and internal elements of orientation we place 

|the photograph into such a position, with respect to the horizontal plane, as it 




Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0 






Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81 -01 043R00090001 0007-0 


occupied at the inst«.t of exposure. Or, haring illui.in.ted the print fro. jHire, 

« eatabliah the rel.tion.hip of it. projected ray. aS. nS. bS. cS, oS. dS 
(Fig. 56) -hich .ill p... through the point. A, N. B. C, O, D. on the hori«.nt.l 
plane of the screen E. the i..ge on uhich .ill be corrected to re.e.d.le the i-age of 
a true rertical photograph. By altering the height of screen E with respect to 
are. T. i.e., the dist«.ce of the screen fro. the center of projection S. the scale 



! Fig. 56 - Principle of Transformation 

{of the i.age on the screen is changed, ..king it confer, to the desired scale of the 
print. By placing a sheet of photographic paper on the screen and exposing it, a 
^^rint corrected for tilt distortion and at the desired scale is obtained. 

I There are several ways to acco.pl ish tr«.sfor.ation of prints. These can he 
(divided into four categories: optico-.echanical (transfoming printers), optico- 
jgraphic (projectors and tracing instru.ents), .echanical-graphic (perspectograph) 
land graphic. The first two sMthods are conventionally used for production, 
gyophi c Method for Tr^isforsang Aerial 

The graphic tr .nsfor.ation of prints is perfor,ed .ith the aid of perspective 
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grid, .hose construction ... dccribed in Cbnpter IV. After constructing the per- 
spectire grmds on the plui. the perspectire contours of the photogrigth ere trans- 
posed onto the plan square by square. 

«hen ..king . pl«, .here « < 3* it beco»» difficult to construct . grid of the 
twe described in Chspter IV, since the line of the true horison hjhi in this case 
Ires St a great distance. In such cases, the grid is plotted on the plan with the 
I following arrangeaunt of the perspective inage (print). 

Let us assune that the following contour points are available on the plan: a„, 
*>o> «=o* <* 0 - “o- •‘o- "hich represent the points a, b, c, d, n, k on the photograph 




Fig. 57 - Constructing the Family of Radials 

; (Fig. 57). Let us draw a fanily of radials to all points on the nap, denoting the 
i^ex by a„. Next intersect this fanily by an arbitrary line rr and nark on it the 
jpoints of intersection for b'. n’, c'. k', d'. Then, draw a fanily of correspond- 
ing radials to the points b. n, c. k, d fron point a. By transferring the line rr, 
with Its points of intersection, fron the nap to the print and aligning its points 
b', c' and d’ with the radials ab, ac, and ad. then all other points on rr (e.g. . 

“ ' will coincide with their corresponding radials (an, ak). 

The above- described principle of perspective representation can be used for 
transferring radials to definite points fron the photograph to the nap. In this 
case, the number of points on the nap, corre^nding to points of the photograph, 
nust be not less than four. 
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( ©H 


as assoae that; we have the pointij s,b,c,d on the photograph and the corre- 
apopdlng on |the anp (Fig. S 8 ). Joiiujig ^thene jMiLinta 

with straight lines, we select on then points 1 , 2 , 3 . . . , 4 , 5 , 6 . . . , 7 , 8 , 9 . .., 10 , 11 , 12 . 

In selecting these points it is sinpler td have then divide the lines into equal por- 
tions, which, however, is not necessary. iNext draw radials fron point A to points 1, 


Print 


I- 


I F i g . 5 8 - Constructing the Perspective Grid 

I 

2,3,10,11,12. Placing a strip of paper across these radials in an arbitrary posi- 
tion, we nark on its edge rj^r^ the points b* , c', d’ , 1 ’, 2 *, 3 ', 10 ’, 11 *, 12 ’, at 
the intersection with the radials. On transferring the strip of paper to the nap, 
its points b*, c’ , d* are matched with the rays a^,b^j, and a^^d^, after which 

the points 1*, 2’, 3', 10', 11', 12’ fron r^^rj^ are pricked on the map. By drawing 
rays from point a^, throng the pricked points marked above, we obtain at the inter- 
section of these rays with the sides b^c^ and c^d^ the wanted points 1 ^, 2 ^, 3 ^, 

10^, IIq, and 12^ which are the projections of points 1,2,3,10,11,12 of the photo- 
. IJraph. 

I Taking the point c as the vertex of the rays, radials from the point c to 

[points 7, 84 9, 4, 5 , 6 are drawn on the photograph. Then, these radials are transferred 
I to the amp with the aid of the strip of paper r 2 r 2 which is now oriented by the ra- 



117 
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1 


0 


-4 


h _ 
6 
e 

JO 

12 


the «id«s and will ipive the vaeted poimta 4^ 5^^ 8^ Qi 

Joininii; the reseltant points on the sMp straight lines correeponding to a single 


)4„ 


dials c.h , c.a , c^d . The intersection of the transfomed rays (fron point c ) 


idftotograph, s projected grid is obtained, shich aiakes the transfonsation possible. 

The contours smst be transferred to the grid with the aid of prcqportional diri- 

ders. 


41. Optico»liechanical Method of Transfomding Aerial Photographs 


J6 

18-4 

$0 

9^r 

90 -A 
^8 


As pointed out preriously, the optico^nechanical nethod of transfonsation is ac* 
jcoBg>lished with special instnusents, known as transfonsing printers. 

The principles of transfornation, nsiing a transfoming printer of category I, 

(are described in Section 39 (Fig. 59). 

In transforauLng printers of category I, the el^sents of interior orientation 
are used for correlating the projected rays of the photograph. To acconplish this, 
jthe principal pK>int of the photograph, contained in the magazine, is aligned with 
' 'jthe principal point o' of the camera K of the transforming printer. The distance 


So 


' between the nodal point of the lens S and the principal point o' of the camera 


i 


88 ! 


of the transforming printer is adjusted to be equal to the focal length f|^ of the 


jaerial camera. The photograph is illuminated frcMs the rear by a light source and is 


f.:. 


{projected through the lens S onto the screen E, which can be rotated about the hor- 
izontal axis aa. The horizontal axis of rotation of the screen is attached by means 
jof the stand 2 to the disk 3 which can be rotated with the screen about the xertical 
axis by a handwheel 5. This rotation makes it possible to give the screen any de- 
sired position of tilt in space. The carrier 4 can be amved along the base 1 of the 
instrument, by turning the crank 6, parallel to the principal ray o'S, which permits 
the required scale of the image to be set on the screen E. Howewer, suxing the 
(screen away from the lens will disturb the optical conjugation of the planes P and 


{Eyi.e., the sharpness of the image will be lost. To smintain good definition at rar- 
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_ iotts distances froa the screen, the transforaing printer should b^equlj^ied~iiitir^ 
lura? _T®ri«ty pi lenses p^f dif feren t focai lenc^hs. Due to th is f act^ work wi th 
__ transforsiing printers of cate^ry I is imionTenient so that they are not used in prac 


Transforuing printers of category II jare now widely used. They distort the pen» 
the projected rays, obtained durin|| photography, but give the correct per- 

i 

spectiTe of the plane of the photograph P jand of the plane of the aap E. The prin- 
ciple of operation of the transfonaing printer of category II is as follows: 



j Fig. 59 - Transforming Printer of Category I 

The basic principles of projectiTe geometry, as described in Chapter IV, indi- 
cate that to construct a perspective image of a given object, it is necessary and 
sufficient to know the location of the principal vanishing point i, of the isocen- 
I ter c, and of the picture base tt and that a parallel displacement of the line tt, 
j in the plane of the picture, does not disturb the similarity of the perspective rep- 
j resentation but merely changes ths scale. Consequently, if the position of these 
I main elements i,c, and tt remains constant, any change in the other elements will 


..H 
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( 6 J 


not, disturb the respectiTe coincidence betfueen the planes of the photograph and map. 

l«t P be the ti^ue xiositloii of the picture plane and 

plane of the screen, i.e., parallel to thd plane of the area CFig.60). 

__ i _ 

i Now if the screen is mowed from the ^ositi<Mi to sosie other position E, and 

the lens from the position S to a positiod S' , and if the condition is satisfied that 

I 

the location of points i and c on the plaice P remains constant for the new angle a ' , 

j 

then the mutual perspectiwe relation of tke photograph P and the siap of the plane E 
will remain undisturbed, i.e. , an image ccjr responding to the horizontal photograph 
is obtained in the plane E, which solwes l[he problos of transforsKStion, 



g 


. 6 0 


Transforwation of Category II 


|r< 


From the condition that the position of points i and c at the angle at' is to 
Lin constant, the new position of the lens S' is defined as the point of inter* 


[section of the ray iS* , forming the angle a'c with the picture plane ic (since, from 


I the definition of the principal ranishing point, the ray S'i anst be parallel to the 

I a" 

(plane E of the plan) with the ray cS' forming the angle 90T — 


2 


with the line ci. 


120 
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Hie re fore, 


J From the isosceles triangles ciS and |ciS» it follows that iS* « ic fu : sin <s. 

that triAasisA ciS and^ciS' are jiaoaceles, aiaoe, die angles formed by th<> 

^ I tt 

_ sides cS. for the first triangle, equals 90* - — . and the angles foraed by the sides 

6 I ^ 

for the second tHaii«le/ eqnaT~W* -|^ This means that IS* . ic » iB^ * 

_ » f jj : sin a. 

JO—J 

_ Therefore, in perfonaing transformations of the second category the following 

J2^ 

geoaietric conditions anist be satisfied. 

14_ 

_ 1. Hie plane of the screen must be parallel to the plane passing through the 

16- 

horiaon trace of the photograph and the new center of projection. 

18 ™ 

— 2. The point c which had been the iscicenter with respect to the terrain must 

— remain the isocenter with respect to the plane of the screen or, in other words, the 

— new center of projection anist lie in the plame of the principal line of the photo-^ 


graph and also on a circmference of the radius fj 
vanishing point i . 


:in a, drawn from the principal 


In addition to the specified geometric rules, certain optical laws have to be 
observed in the design of transforming printers, to ensure satisfactory definition 
of the image on the screen under any conditions of its tilt and measured scale. 

The two optical laws of transformation are: 

1. Maintaining optical conjugation of the points on the photograph and screen, 
which are located on the principal optical axis of the lens. This law is usually 


expressed by the known optical formula: 


— , where d]^ and d 2 are distances 


I ‘ di d2 F ' " ^ 

<< negative to the lens and from the lens to the screen, while F is the focal 

I length of the lens of the transforming printer. 

I 2. Maintaining the optical conjugation of the tilted plane of the negative and 

^ j screen. This law will be satisfied if the plane of the negative and screen inter- 
I the principal plane of the lens of the transforming printer along a single 

I straight line tt. 

!♦ ' 

j With respect to design, these conditions are satisfied independently, and taken 
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I into consideration in 


the construction of ▼arious tranaforaitng printers. 


1 42. Short Descripti<m of Transforadng Priiiterg 


n . fte Tri 


PriHteir 


The MG I transfondng printer was designed in the shops of the Moscow Geodesic 
Institute (now MI IGA i K) , under the sup^rrision of Professors P.P.Sokolor and 
N.M.Aleksapol'skiy. The instrmsent is deigned for transforming photographs 18 18 

0 in .i.e. nt snail angles of tilt (abont 5*). A general Tien of the MGI printer 

given in Fig. 61. 

The parts of the apparatus are 
Mounted on a special frame 1, which forms 
the base of the instrument. The screen 3, 
the lens 5, and the negatire holder 4 arc 
attached to the horizontal axis 2. The 
lens illuminator 6 is placed over the neg- 
^ ative. The horizontal axis of rotation of 

^ the screen is rigidly mounted to the base 

of the instruHient, and the lens and nega- 

> 

tive are suspended on brackets that can be 
^ shifted along the vertical guide wheels of 

the base plate. This shift produces a 
change in the distances from the lens to 
the screen and from the lens to the nega- 

j tire, which results in a change in the 

1 

! Fig. 6 1 - The MGI Transforming scale of the image on the screen. The 

j Printer scale is changed with the aid of the spe- 



f 


cial derice 7, termed a scale inrertcr, which ensures constant optical conjugation 
of the points of the negatire and the screen with respect to the vertical axis of 
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the traas forming printer. The scale inveilter is actuated with the aid of the pedal- 
_ opcgated lAeel 8. 

The screen, the negative holder and dhe objective are all rotatable about their 
_horixontai axes 2 for setting the proper s^le between the negative iwd tj^ screra' 

— (the rotation of the lens is necessary to 

Inaintain optical conjugation at tilts of 
|the negative and of the screra). The rota 
iticm of the screen, negative, and lens 
about their horizontal axes is effected by 
means of the special devices 9 and 12, as- 
suring satisfaction of the other geometric 
and optical conditions of transforsmtion. 

The device 9, termed a perspective in- 
verter, autoaMtically ensures optical con- 
jugation of the planes of the negatives 
and of the screen at the tilts produced 
over the pedal -operated wheel 10. 

The geometric conditions of 'transfor- 
mation in the MG I transforming printer 
are automatically satisfied by using the 

j - - parallelogram inverter 12. The parallelo- 

gram inverter keeps the screen at all 

I Fig. 6 2 - Large Transforming Printer 

I tiaies parallel to the line S*i (see Fig. 60) 

j while equality of the distance S'i to the quantity f^ : sin a is achieved by aetting 
jthe so-called adjustable focal length f. on the scale 13. Tbe tilting of the screen 
jand negative in the MG I printer is effected only in one direction (about the axes 
j2): consequently, the principal line in the transforming printer always occupies an 
i entirely definite position, perpendicular to the axes 2. Therefore, it becomes 
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necessary to rotate the negatire in its phane in order to nake the principal 
Jthfi -aerial, photfigraph Xthe negatlTe) coincide with the pr incip al J^rana- 

|foming printer. This rotation is ef fectejd by nannal rotation of the negative holder 
lin its plane. | ■ 

The lens of the transforming printer ^as a variable diaphragm and is equipped 
with a red optical filter. As stated preyiously, the MG I transforming printer is 
designed for the transformation of aerial jphotographs with angles of tilt not ex- 

t 


ceeding 10* at f|^ 
0.5 to 2.0. 


200 


or 5* at f, 


ilOO 


The scale ratio may be varied from 


k. I^gc Transforming Printer ( FTB ) 

The FTB transforming printer (Fig. 62) is a precision instrument that allows the 
transformation of aerial photographs as large as 30 x 30 cn at angles of tilt vp to 
|36* and scale ratios ranging from 0.7 to 5.0. The large printer has exactly the 
B principal motions as the MG I printer, but the control of the motions has a 
jdifferent design, due to its basically different realization of the conditions of 
jcorrect transformation. 

j The Screen 3 of this transforming printer may be tilted about the horizontal 

I axes 2, which are rigidly attached to the base 1 of the instrument. The lens car- 
jrier 5 and the negative 4 can be displaced vertically with the aid of the pedal- 
jpperated wheel 8. When this is done, the optical conjugation of the negative and 

j screen points about the axes of the instrument is obtained with the aid of the r€sc- 

I 

tangular scale inverters 7. 

The lens system in the large transforming printer has no tilt mountings and its 
axis is always vertical. The condition of perspective optical conjugation is satis- 
fied by means of the corresponding tilts of the negative and screen, using the per- 

f 

I spective inverter 9. The screen itself is tilted by turning the pedal -operated 


wheel 10. 
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) 

-{ *eo«»tric conditions of correct ijrMofor-stion «« not'^siisfied .uiiistr- 

_ cnllx in tfce lorce pxinter bnt by a caabii)|ation of s«parat« janeaeatA. Jben the 
Zj«.reen is tilt«I. so-called lon«itndin.l ^«.tring of the negatire is introdeeed, 
_^rrhich consists in a lineir displic^t o^ the negative aiori the p7i.cipri li^^^^^ 



j Fig. 63 - The Snail Transforming Print.er 

I 

jibe negative is displaced until the isocenter coincides .ith the bisector of the an 

Igle a' (Fig. 60). The longitudinal eccentring of the negative is effected orer the 
I handle 14. 

I In addition to the longitudinal eccentring, the negative nay also be given a 

j transverse eccentricity - a linear displacement along the axes 2. The negative is 
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rotated in its plane by the handle 11. 

The iiluminator of the lar^e txannfoj^ain^ printer af tK** giH 4 p«- 4 ^ wiir- 

„ ror 6, with an electric bnlb placed in it4 focus. To ensure greater nnifondty of 
^ illusxnatxcs on the negative, a frosted dijsk of Astrolone, celluloidT^waxT^ o^^ othe^ 

_ transparent naterial is provided. 

The Saall Transfoming Printer (FTi^) 

This printer (Fig. 63) is designed £o4 processing aerial photographs up to 30 x 
. X 30 c* in size at angles of tilt not greeter than 9» and at scale ratios ranging 
_ f roB 0.7 to 2.5. The screen 3 of the sauill printer, exactly as with the 2 preceding 
. instruBents , is attached to the base 1 of the instrument, vdiile the negative and 
lens may be displaced vertically by means of the pedal -operated wheel 8. The screen 
may be tilted about the two mutually perpendicular axes 2 by manipulating the wheels 
10'. The tilt of the screen is transmitted over the flexible shafts 9* and the cor- 





Tab 1 

e 7 



Type of 
Transfbiming 
Printer 

Size 
of the 
Photograph 

Aigle of 

Tilt 

Scale 

Batio 

Focal 
Lmgth of 
the Aerial 
Camera 

Focal 
Length 
of the 
Lens 

Size of 
the Screen 

cn 

MGI 

18 X 18 

IS- 

0.5-2.1 

100 - 250 

150 

38 X 45 

Large 

FIB 

18 X 18 

30 X X 

45 

0.7 -5.0 

as desired 

180 

100 X 60 

and 

100 X 100 

aaall 

FTM 

18 X 18 

30 X 30 

14.5 

0.7-2. 5 

as desired 

180 

60 X 60 


the 

histra 


I responding transmissions to the lens 5, ehich also can be rotated about two mutu- 
'ally perpendicular axes. The negatire 4 has no tilting arrangements. The geome- 
tric conditions of transformation, exactly as in the large transforming printer are 
not automatically fulfilled. Since the screen is tilted about two axes, the nega- 
tive also moves for its linear eccentring in two mutually perpendicular directions. 
Longitudinal eccentring is effected by the aid of the screw 14, while transverse ec- 





m 
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ceBtring is perfonied Mnually. Hae Begstji^e does not rotate in its own plane. 0|>ti< 
cj>l coni ggat ioB is obtaine d orer the scalcj inrer^r 7 . 

Tb® 6- of the small trans^orminf^ printer, as in the large type, ccm* 

sTsts'oT' an elliptic mIi^or~ | 

The prii^ipal characteristics of the ftransforad.ng printers are giren in Table 7, 

43. Transformati<m of Photographs in the l^ransfomrilng Printer 


Serial photographs may be transforms^ by the optico>mechanical method, either 

known elements of exterior orientation or from control points. 

When the elements of orientation of 4he aerial photographs are known, transfor- 
mation can be performed by setting the trijBsforming printer to the corresposHiing an- 
gles between the plane of the photograph and that of the screen, and to the required 
distance between screen and center of projection. In modem production practice, 
howerer, the elements of exterior orientation are usually known with insufficient 
accuracy. For this reason, the reconst ru<ttion of the perspective correspondence be- 
tween the planes of the photograph and the screen (transformation) is solved by us- 
ing control transformation points. Such points must be first identified and pricked 
on the photogr^h, and then located on the system of coordinates of the map and 
drawn on the plotting board placed on the screen of the printer. The plan position 
of the transformation points is defined from the photograrametric density of the plan 
geodetic base. 

The transformation of an aerial photograph is accomplished by the displaceamnt 
of the images of its transformation points frcMs their position on the board. 

If we project the transformation points a, b, c, d of the photograph P (Fig. 56) 
through the lens S onto the screen £ and match resultant projecticms with the plan 
points a^, b^, c^, d^, then the corresponding angle between the planes P atwi E will 
be defined, and the photograph P will be transforsMKl. On the screen E we obtain an 
image of the photograph P, reduced to a horizontal photograph and to the scale of 
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A 


§ 


C 


^he map. The ima^s of t.he transforaatioBj points of the photograph are matchcMl with 
( their poa itioas on the screen by amans of:| a) rotation of the photofrraph (and of the 
~~|sap with the control points on the screen)! in their plane, to orient the iamge with 
jrespect to the nap; b) tilting the phot^gifaph; c) changing the height of 
to reduce the inage of the photograph so c^tained to the required scale. 


T 


Tt 


LINE OF 
TNMiivcns^' 


F i g . 6 4 - Transfomation Points 


For transfoming the photograph on a transforning printer of category I, it is 
sufficient to know the position of three non* col inear transfomation points which 
are recognized on the photograph. In this case, the problem consists in determining 
the spatial position of the plane of the screen with respect to the reconstructed 
[pencil of rays. The spatial position of the plane is detersdned by three points. 

|At different intersections of the pencil of rays by the plane of the screen, differ- 
ent positions of the isuiges of the transformation points of the photograph will be 
«,() J obtained; by matching them with the control points of the board, the singular posi- 
f. / j tion of the plane of the screen is obtained. 

In the general form, howerer, idien a pencil of projecting rays condensed dur- 

i 

- ing photogr^hy is destroyed, as it happens in transfonaing printers of category II, 
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-jthree point, .re in.»fficieht for tr„.£„r-Vtiiu-^r^he 

_ It i. prored in projectile ,n„.etry if. f„r t«, enUnnll ^oiectW. 

_Xo^ photograph „d of the «p,, the nJtn.l per.pectire rel.tion between fonr non- 
_copl«.r correaponding point, of tl»».e pln^e. i. reco„,^,,^ 

-ter of projection (Fig. 56). then the per.,^ctiwe rel.tion.hip i. «to-.tic.Uy re- 
-.tored for other pair, of correapondi^f point, of the.e pl„e.. i.e., the „t„.l 

-per.pecti,e rel.tion of the plane, ^re. i. no. recon.tmcted. Therefore, for 

-tr«..for-ing a photograph, it i. „ece...rV «h 1 .efficient to hare foer tr«..for«- 
^tion point, which do not lie in a .ingle .traight line. 

- The tr«..for«tion point, x .re eenaily .elected near the «.rking angle, of the 
-photograph (Fig.64). They are. con.e^enily. located at the center of overlap of 

four adjacent «,ri.l photograph, fro. two adjacent flight .trip., i.e.. at the cen- 

- jter of their end and side laps. 

I TTie exiatence of .epple«ntary control point, -arkedly increaae. the accuracy 
jof tr«..forn«.tion. especially in «.rking with large and snail tran.foming printer.. 

, The center of the photograph i. the «.st adrantageous position for such an ex- 

jces. point. For this reason, a fifth excess transfomation point at the center of 
the photograph is xery desirable; this is usually obtained when the transfomation 
'points are detenined photogramustrically. 

I Tl.e inages of the transfomed points are aatched with their positions on the 

screen of the tr«.sfoming printer (on the plotting board) by tbe following nanipu- 
llations : 


MG I Trans forsiiiig Printer 


Lar^e Transfonsing Printer 
(FTB) 

Transforming Printer 
( FTM) 


Change scale, tilt the screen, rotate the 
photograph in its plane; 

Change scale, tilt the screen, rotate the 
photograph in its plane, eccenter along 
principal Tertical (longitudinal); 

Change scale, tilt the screen, about two of 
its axes, longitudinal and lateral eccentricity. 
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1^- PrepTimt the P^t< 


•ba md the Bwi PlM. for 


T»rior to traHiKriiitioo. th« photograph, we prephr.^ ^ fSTKwir: 

****‘*'’V- . ijr^r.tion consist, ^n pricking the trsns- 

fometion point. „d the field control poijnt.. The -i.e of the pnn^h^ h^l^TITkept 

to 0.1 -0.2 n. so that the prick ..rk. .re .honn with sufficient clarity on the 


2 transforaing printer. 

2. Compiling the Trane format ion “ Ba^ie * . On. to the fact that the rigid 
5 plotting board on which the control wd t.j«..for-.tion point, of the -p we -wked, 

s* generall|y does not fit onto the screen of the 

I printer,; the points are copied fron the smp onto a 

^ ~ ' / \ transparent paper by prick nark, and froai 

■ ^ ^ \ •'**« tracing paper. Usually, such base 

ju. T' N[ t conpoaite is prepared for an entire flight strip 

£ ^ 
i j U - / ■ . IJT of the smsaic. For prosiinent relief of the con- 

I the erea. •• corrections for relief - 

I r 1 g . 6 5 - Introducing the 

] Correction for De- introduced. These points are marked in India 

foraation of the ink by circles of approx. 2 n diameter, 
j Paper 

1 ^ Determination of "Shrinkage for the Photo- 

graphic Paper ’. Since, after transformation, the photograph is developed, washed 
and dried, the photographic paper becomes deformed or " shrinks " . 

, This shrinkage is determined by placing a piece of cardboard of deteradned 
jthickness under the base sheet. After transforming the photograph in this position, 
(the cardboard is removed and the print is expoaed onto a aheet of photographic pa- 
Jper. placed directly on the «:reen. If no cardboard is used, the length of the 
jrays from the lens of the transforming printer to the screen increases, causing the 
}i-Nre to increase to a si„ of L (Fig.65). Therefore, the problem consists in using 
I a cardboard having a thicknesa r, corresponding to the shrinkage indicated by the 
l.iae increase of t he image. If S' denote, the lens of the tr«..f„r„i„g p.iwer, E 
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2 

4 

rn: 


By varying the scale of the iuge, tl^ transforaatiM light spots 1 and sj lo- 

-xi* of jJns acxeen. are tljen aatched aith Ahe „„ 

the base (Fig.67. points of the base in hijack). If after this, the points 2 and 4 



Fig. 6 7 - Change in Tilt of th 
Screen 


®f omS ! 


Fig. 6 8 - Rotation of the Photograph 
in ita Plue 


fail to coincide, the iaage trace 5 - 4 shonld be enlarged, and the trace 5-2 re- 
duced in size; this is achiered by tilting the screen toward the obserrer (point 4 
lowered and point 2 is raised ). After tilting the screen, all image points and 


<S>2 


I 



&f ^2 I 



1 

S5 





zs ! 



i 






_J 


Fig. 6 9 - Noncoincidence of Pointj 
caused by Relief 


^^8*70 - Addi ti on al Ti It of Screen 


- the points on the base may still fail to coincide, as sho«. in Fig. 68. In this 

- case, obwiously the part of the image aroand the point 1 shonld be enlarged, while 

- the part of the image around point 3 should be reduced (the sides 1-2, 1-5, 1-4 
j to be enlarged, and the sides 2-3, 5-3, 4 - 3 to be reduced). This is achiercKl by 
j rotating the prin t (together with the base) in its plane (in the small tr«.sfor.ing 
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printer by tilting the screen laterally). On anch rotation , the p^t U m photo- 
|«capk juuMMint 3 hnying the sidea 2 - 3. >3 - 4 will he projec t e d oBto_lJin_i»nrt of 
the screen that had been nored upeard and :thna will be reduced in aixe (coogireased). 


I 


4 


! 

i. 

s 


|j| 

O 

m 

0| 



oe 

S|S 


m 




• 


1 

• 




Lii 

O 


-1:1 

L-11. 


o|o 
1 

^ i- 8 ■ ~ Longittadinal Ecceatring 

The part of the print near the point 1 haring the sidea 2-1, 1-4 will be enlarged 
( expanded ) and shifted to the lower portien of the screen. 

It should be home in mind that the change in the image produced by any of 
these manipulations is more pronounced in the lower part of the screen. 

Dae to the fact that each manipulation some> 
w4iat disturbs all previous settings, the image 
l^s^sowEN points are matched with those of the base by 

*LACEMCNT _ 

successive approximations, repeating the above 
operations and correcting the scale setting each 
time. 

Occasionally, a case arises when the four 
I orientation points coincide, but the central point will still be out of alignment 
I along the principal line (Fig. 69). This discrepancy is explained either by errors 
j in the determination of the points for transformation or the influence of the dis- 
I placement of the picture points due to relief. At the points 1, 2, 3, and 4 , these 
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or IMAGE 


I F i g . 7 2 - Lateral Eccentring 




II 
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terror. ~y be in.ce-r.t.ly eii-in.eed, eb^. to er iiglSeTi uT 

i» nsnrCAiBcidence of tbm 5. Tj|i« noa- coincidence ■ey lie - i^o»ed 

^ "“I- P«“‘- 3 -Hi 4. loc.t«l i. tbe le- 
ered pert, to be displaced faster, i.e. , tjhe siiles 1 - 2 -~4 ^l~b^~ ;;fci^^ 

q«.re thsn the side. 1 - 2 and 3 - 4. TTie a,jr.en i. ,ire. a tilt (r.isin« the part eith 
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jthe poxnts 3 and 4) until the position shcjwn in Fig. 70 is reached. By changing the 
»c.le (enlarging it) a better .etching of jthe points is accoagili.hed. 

In the transfomation of photograph, jon the large and ..»11 tran.for.ing printer 
i-bere the gecetricsl conditio., of trans^oretion sr. a.ti.fied with a ai-lt-iaou. 
eccentring of the photograph, the pattern iof ne-coincidence shoe in Fig. 71 or 72 
will be obtained, after the sbore Mnipnl^tion. hawe been amde. 

At longitudinal eccentring of the ne^.tire .long the principal li„.. the i..ge 
- 1. elongated along thi. line, if it i. didpl«:ed to the lowered part of the screen 
-d 1 . cciressed during di.pl.ce.eut iut. the raised part of the screen. I. this 
esse, the displ.ce.ent of points (Fig. 71) is accouplished by longitudinal eccentring 
xn the direction sho«. in the diagra. (uith the screen tilted toward the observer). 
Ifollowed by a change in scale. In the position show, in Fig. 72. however, the dis- 
|pl.ce«nt of the points is accosplished by application of trsnsverse eccentring, as 
indicated in the diagraa. for the case of tilting the screen on the side of the ob- 
server. In lateral eccentring. a torsion of the i.sge occurs since, during dis- 
lpl.ce.»nt of the i.age along the axis of the screen, points 3 «.d 4 located in the 
jlowered part of the screen, will be displaced faster than point. 1 «.d 2. 
i When tr.n.for.ing the photograph, on the large transforoing printer, no later- 


I ~ » 

a eccentring is used or only on a ...11 .de. i„ centring of 

[the negative in the holder. 

, I The above .«.ipulatio„. .ill cause the ioage points to be ..tched with the cor- 

responding point, of the base by a series of successive epproxiostions. Due to er 
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c 


picture points canned by relief, it may be ii^Msaaible to achiere coi^plete coinci~ 
dfince of the points. Ibese miaali^nmenta must not exceed XL3 mm. At^ lacger errctra, 
the transformation points mast be checked for accnracy. 

After the photograph is transformed, the base and cardboard liner are reaK>Ted 
screen, the l«as is cohered with a red filter, a sheet of photoffraphic 
placed on the screen and the photon^raph is exposed after reanring' the fil- 
ter. 

Ihiring exposure and derelopins* all photo^riqphs on the plotting board are 
_|uniform in tone, i.e. , the images of the same contcnirs are produced at equal photo- 
^jgr^hic density. 

Application of Corrections for Relief 

I As shown preriously, the transformation of photographs is achieTed by the aiethod 

!of polyccmic projection for the case of photographs with a tilted plane, by project- 
ling them to a horizontal plane. This method of transformation coaqpensates for the 

distortions of the photograph caused by tilt 
but not for distortions caused by ground re- 
lief. 

Assuming that photograph P (Fig. 73) con- 
tains an image a of the terrain point A, and 
that a^a denotes the distortion of the image 
point a due to ground relief. An orthogra- 
phic projection of the point A is made onto 
the screen E at the point A^. During trans- 
forsMition, as indicated in Fig. 73, the ray 
The point a will form the image A* on the 



Fig. 7 3 - Correction for Relief 


aS will not coincide with the ray SA 
screen, which is displaced from the map location A^ of the point A by a distance of 
“h* This is a direct result of the distortion a^a of the point a caused by relief. 
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( 


^ : [if tie relief i. .e.U«ible. tHeee aietortioe. i».i«.ine«.t ..a ie aiere^ 

,^aea (up 0.3 «). dietortiou it l«ce-e 

- eery to correct for relief a»ring tr«,.fo.^tion. 

^ -j Correceiou. for relief ai.Cortiou be «ae et the loco, of the tr.„.for«- 

-jtxon poxut. oo Che photogreph . (correction 6,.) or et the locu. of the tr«..for-.- 

tion point. on the h.,e (correction A,,. ,he «^,.ftuae of the correction i. ae- 

ter«nea hy e,.(12). except thet it. .ig„ Viu be oppo.ite to tbet obteinea fro. 
eq.(12). 

Therefore, for correction ne hare: 


( 


I ‘ -r ■ * TT (25) 

I In practice it i. inconrenient to «ke correction, for relief on the negative 
j.x-ce thi. .ill reault in pin hole., .o the correction, for relief are uannlly .aae 
at the locu. of the point, on the plotting boara. 

In the ca.e that the correction of the point has a po.itixe «lue of relief 
correction, the „rk on the photograph i. norea to.ara the naair point, ana the nark 
on the plotting boara ..ay fro. the naair point. For the case of negative correc- 
txon. the oppoaite proceaure i. „,ed. and the correction on the photograph i. ..de 
]a.ay fro. the nadir point and on the plotting board. to.ard it. 

To keep the relief distortion of a tran.fon.ed i.age to a. low a walue a. poa- 
-rble for a giren acale of tran.fomation, the correction value, h are calculated 
by eq.(25) fro- the average height of ground relief. Thi. average height .ill be 
the plane of tr«..for-.tion. For exanple. if the elevation, of the point, on . 
Photograph vary fro. 200 to 400 .. then the f«:tor. of conpenaation are calculated 
fro. the average pl«,e of elevation, .hich i. at 300 ., so that these coapens.tion. 
-ill fluctuate fro- - 100 to v loo .. The survey elevation H .ill then .!«. be cal- 
clated fro. the wan plane of elevation. 

The correcti on at the locu. of the tr«..for-.tion points, to conpenaatc for re- 
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' ‘he distortion, of th* photographic ^ 

doe. «erut the correct tren.foro.tioi. of the print 

‘ Z“ r .... 

^ ^ “• •' p.i„. „ . 

h.Te a projected relationship with the print. 

' 'for«.r* Poi-t. for relief distortion alio., the trana- 

, I —foroed photograph with bold relief still exceed the li.it. of 0.3 -0.4 «.i e 
freduce the accuracy of the sap. 

L““ ""Tr .. 

the desired degree of accuracy. 

Ut P (Fig.74) be the photograph of the area of bold relief T. Divide the area 
tnto various sections by elevation intervals egual to h*. as shown in Fig. 74 . Ihen 
, e Chan i elevation fr«„ one section of the area to the next can be observed a ’ 
the general height fluctuation for the .«an plane of elevation of the area T. The 
. eviation in the height of individual points fro. the -ean plane of elevation, fora 
|F-en section c«. be observed in relation to the boundary lieits of this section or 
« p^tieular elevations h which cause relief distortion of points on the print it 

the iieT ” , Photograph. Thi. .^ale is deteroined at 

.cale”""** ^ «l”-tion. TTierefore. in the photograph given in Fig.74, the 

cale Of section 3 will be larger than that of section 7. while the scale of sec- 
tion 2 will be larger than that of section 1. 

The transfonsation of the photograph by sections is accosgilished by converting 
the sections (av erage planes of the sections) to the scale of the oap. 
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'• V,. 


- jthe photograph. 

«- 7 •' 7 ““ ’•» . w, 

o *■ .h. ...I. ^ 

- changiD* the r.lue of the sections hv A 


|chan«ins the ralue of the sections hy A. 

[ In this case, A represents the difference 


in correction for relief of rarions 


^ Jaecttona, at an arbitrary eleration of a .n.re distant point A. These mines are de- 
^ Jter-aned hy the elemtion of point A. fro. the amrage plane of elemtion of the 
^ J.arrons aections. In practice, all corrections for point A are narhed on the plot- 
_ tt„s hoard and. after transfomation of photograph along its points corrected for 
-the first section is cos^leted. only the acale is changed for the other sections, hy 
-Wan. of dxsplacxng the inage of point a by the correction mine, corresponding to 


. I 

— jcbis xcme. 

(i f 

I for CHch position of the screen F*** Mnari P»tf ■ 

^ ^ ■ “ photograph of the print is nade 

jand IS narked by its zone nnnber. 

, I Transfomation hy zones or sections is very conplex and is used in productio 
Iwhen there are three sections or less to a print. 

•hen the relief of the terrain is very bold, no photmaps are nade; Instead . 
plan is prepared. 

^se«bling the Pho toman 

The assenbly of a photonap consists of: placing the transfomed prints on a 
j-ountxng board in accord«.ce eith their tr««fornation points; triandng off the 
joverlappin* edges of «,j.cent prints; and cenenting the prints to the board. 

Prior to assenbly. the tonality of the photographs is checked for unifomity. 
Next, a hole of 0.5 nn as pricked through each transfomation and control point by 
^-e«.s of a punch. The punch emprise, a needle nounted in a cylindrical buahing 
isith tapered ends. The needle is kept in the extended position hy spring pressure 
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mtd is retracted into the bashing under pressure. After piecing the needle on the 
-j-center of the trensfoxaatron point, pressure is applied to the boshing, ehi..!. 

.js hole in the print. The center of this hole is the location of the trsnsfomstion 
....J point. 

-- Before ssaenbly. the transfonnation as nell as the effects of drying of the 

^ prints are checked. To do this, each print is placed so that the narked transfoma- 
_ tion dots are at the center of the punched holes. These dots and holes nust coin- 
_cide. The error of coincidence for then dust not exceed 0.4 to O.S on. If this 
_ linit is exceeded, or if the tonality of the photograph is not unifom, the trans- 
.. iorsuition nnst be repeated. 

_ Asse^ly of the prints is started af^er the checking is cos,.leted. The first 

print is put in position on the base, folloeed by the resminder of the prints. so as 
-.to hare the centers of the punched holes coincide with the corresponding points 
narked on the control network or so that the waristions in aligsnent of the holes 
and the dots are kept to a mininnm. (Misalignment of the corresponding dots and 
-hole centers nust be equal and in opposite directions from the center of the hole.) 
Next the print is fastened down with weights to prevent shifting. The second print 


jis located on the base in the same way and is fastened down too. 

I Next, the line of cut along the end lap of both photographs is marked. This 

jtrin line is marked within 1 cm from the center of overlap. The direction of cut is 
selected under the following conditions; a) both prints should have the sane ton- 
ality along the trin line, b) the trim line must intersect a minimum number of con- 
|tonr characteristics and not come close to relief boundary outlines (e. g. , roads )or 
[individual objects (houses), c) the trin line must not intersect contours or popula- 
jtiim centers at an acute angle. 

I Coincidence of relief lines along the cut is checked for proper fit. For this 

jpnrpose, characteristic points (angles) of the contours of the upper photograph are 
I pricked by pins to check whether the prick coincides with the corresponding contour 
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; «. .b. 1„„ „i„. ,1. ^ „ 

^ tb. ^ 

^b.._„ .b. ,1. ^ ^ ^ ^ _ 1. „ 

^ u. pb..^,^. 

*^*** discrepancy of contours. 

H.. .bo,e condition. bci„* ..ti.fied. . thin .trip of cellnloid i. plnced he- 


Jtneen the prints and the noont and both prints are cat along the trie 1 


ine vitk a 


_ --...i,.!. prt„. p. ^ ___ 

"~i-b •.-ip. 1 ,o, ^ „p,^ ^ 

“** "“****■ the photogr^. 

- «<•««» of the triBed prints are raised (.the other part being held down by 

^ -eight.) and the -onnting hoard is coated with anyl acetate ce-ent (at the spot. 

^ .^-here the photograph, ail, n„e be tris-ed); the prints are ce-ented to the «ant 

carefully s«»thed do™, especially along the tri. line, and are cohered with 

,-eighted glass pl.tes. The third print of the flight strip is -o™ted in the 

^ ^ -ay as the second, and the sane procedure is used for all renaining photographs of 
the strip. 

I ll.e second flight strip is .„,„nted in the sane way. .ith the prints first being 

trin^d along the line of end lap. .hile the side lap is tria^d after all photo- 
^ graphs of adjacent flight strips hare been auiunted. During this operation, as in 
^ the case of cutting along the end lap. the terrain align-ent is cheched on «.j.eent 
^ P -tographs and the orerlap is tria-aed along the line -ithin 1 ca. of the center of 
,«de lap. After this tri.i„g. the co.,.lete print is ce^nted do™ and «.«.thened. 

. , c tr d edge, of «lj.cent photograph. «..t coincide exactly. There should be no 

j overlap or space between the ed^s. 

I All other flight strip, are -ounted in the .a« uay. To present glueing of the 

jprrnts along the borders, the «,unt is cohered .ith wax paper „p to the fraaae line 
, After the coa,.lete photo«p i. «„nted. the orerlap along the edge of the borders is 
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''' * *■«» comer, are mrked at the eixl point, of the line, pf the cpptrol net- 

f • P-ch. A thin .trip of ceilnloid i. placed »rfer the 

jprant to aroid a .econd prick at the e.tahli.hed po.ition of the fr«e comer 

^ After cmpletin* the hi, of the photcap. the print, are left in po.ition 

p* wiped of£ vitJi acetone. 

_ I I. i. ^ 

pr„„ i, ^ ^ ^ ^ 

serf ” " '■••’•• ““ «■" '“•• "•*>■ «'■• P-. .f ..cl pri.. i. .cj. 1 . 

^ J-lp U_ ccj i. .i. ~.«d „.. „d .1. 

^ .1. p,e.. ^ 

.f... 1..1 p™„ ^ 

^ |P..... p„.l.d .,.„ ^ 

;(5 given section of the print. 

, I In addition to the described steps of assesdilin* a„ nncontrolled nosaic and 

Phponap .t occasionally hecones necessary to a.se.a.ly acenrate cartographic nater- 
xa . ehenerer the geodetic data for the prints are not available. In this case it 
,x. xnpossable to .sse.d.le an accurate photonap. ehich neans that moriented photo- 
~ps are prepared instead, ehich are sonetines called senicontrolled «..aics. The 
-ethod of co.po.ing the. does not differ fro. that used for photo..ps. In sneh 
,, cases, the control points for transfomation and scale deter-in.tion are established 
^ jby the photograa-etric nethod. after ehich the print, are transfomed and mmted 
,, ,11.-.. -norxented photonaps are .<a.e.hat less accurate than controlled msaics pro- 

jdneed fro. geodetic data but the nethod of canera eork is the 


49. Pitting the Photi 


into Final Shai 


Finishing the photoaap cosy rises the following steps: 
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•) The corners and sides of the fr 
2^mm sides. 


are marked in India ink by 


a square with 


^ , ».> Tl« trigo»o-etric point. c«.trol point, .r. «.rked in Indi. ink nith 

^ corre.pondinK contention.! n^l,. fc, centered .t the 

(, J “** “«* of tfce punch hole. 

comers of the frasw ari* u ..u - 

^ -ached by their rectM,g„l.r and geographic 

coordinates. 

...J 

5 I kilo^ter grid .re entered and nu.d.ered. 

.| e, The entrie. outnide the fr*e inclnde: the n..» „£ the tr.pe.oid en- 

, ^| tered oter the northern edge of the nap, et the niddle; the nuneric.l .c.le 

aenignntion. helo, the .outhem edge; the dete of preparation of the photo- 
j «.d the aignature. of it. c-pi!er. at the right; the .chene of the 

, fr« eith the diagonal, of the photonap .„d an indication of their theor- 

j ctical dimensions at the eastena border 

I 

Checking and Correcting the Photomup 
r~.., of ,fc. 

the contours at the borders of adjoining nounts. 

I These corrections are entered on a special correction sheet. 

I H-e correction, are -ade. observing the following requirenents: 

I 1. The frn-e sides, the diagonals of the hoard, and the kiloneter grid ends are 

checked by con«>„ly accepted -ethod of the use of a straightedge. The naxi.™ tol- 
erance for deviations on the sides of the r .-t j , 

; ® ‘*** “<* the end. of the kiloneter lines 

Its 0.1 nn, and 0.2 «n for the diagonals. 

! accuracy of superposition of the photographs on the tran.fonsation 
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-poxnt. X. <iet.«i„ed fro- the the eenteri 

- of ihe cor bo.ra, A di.«r-e o f the 

"" “"ection sJieet (Fig. 75) on which the deriatione of 
.tUS- centers of the pi5aed hSiMTi5ii~the pricks are entereOn i^^ihT of a 
. neter. Ibese deriations must not exceed 0. 4 mm. 

3. Ihe dirergences along the contour lines at the lines of cut are detenained 

>y -atching the cut-off edges of the prinljs. sawed at the ti-e of asae-bly of the 
photoaiap. 

A diagra. of cuts is reconstructed oh the correction sheet (Fig. 76), on which 
are recorded the location and a-ount of -isalign-ent. The -isalign-ent is checked 
at 3-4 c- interwals along the line of cut. To deter-ine the degree of -isalign-ent. 


•0.f •HIT •V o9» V ^ 

^ ^ 4 « ^ ^ 

V 

^ i* Jb 



Fag. 75 - Correction from the Point 


^ ^ ~ Correction from Cuts 


the corresponding cut-off of one of the adjacent photographs is placed along the 
joint, and then at interwals of 3-4 cm the -ost dxstinct contour points located as 
tlose as possible to the line of cut are selected and pricked. The cut-off part is 
jthen re-owed, and the dewiation of the prick fro- the corresponding contour point of 
jthe photo-ap is -easured and recorded on the correction sheet. 

I The -isalign-ent of contours -ust not exceed 0.7-0. 8 and ewen these -axi-u- 

|discr,^ancies are permissible only in exertional cases. 

4. The correction for match along the borders of adjacent photographs when the 
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V I 


6 

e 

10 
12 
14 
16 
18 
5r0 

5^4 

28 - 
30 
52 
34 
36. 
38 - 


^photo^s cut iloig th« line of the harder, ie &nh Ti is xn the correctxons along 
tj » e. g . t jj by laying i^e cutoffs of one pJcograph on the other an d ..yerinpoai ng 


'■f . J 

42 
/ / 

/ 1 


the. arith the lines of a kilo.eter grid. jBy pricking corresponding contours as close 

SsIpoiiiiBIc to t7ie~bora^, tHe di screpanc^ Between is' aeasITf^^ 

If a flap xs left in catting off the jphotoaiap (usually 8 mn on the scale of 
cartographic work), the contour frou one ijhotOBap is transferred to the other with 
the aid of compasses, after determining tlje distance of the contours from the frame 
and the length of the perpendicular to th<| border. The distance between the contour 

so trai^f erred and the one on the photomap gives 
the waifted deviation. 

Tl|e deviation of the contours along the bor- 
der muht not exceed 1.0 ima. 

The data of these corrections arc entered on 
a special correction form (Fig, 77). on whose mar- 
gin the places and results of measurements, ac- 
cording to the kilometer grid, are noted. 

If discrepancies exceeding the established 
tolerances are found anywhere during the correc- 
tion, or if the number of discrepancies should reach the maxi.un. tolerance, the cor- 
responding places on the photomap must be re-laid. 


Fig. 77 


Correction Along 
the Frame 


Map Phototri angulation 


I To expedite the transfonaation and assembly of aerial photographs in making a 
photomap, the nap location of four control points on the prints must be known. Ibis 
can be done by a geodetic surrey of the area or by the photogrammetric method, with 
the aid of plan aerial tri angulation and photopolygonometry (see Sect. 112) . This 
permits to greatly ahorten the difficult work of field aurreying. In the l«.t case, 
(only two points hare to be field- surreyed, «.d these separated by serer.l prints. 


145 
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1 


6 ^ 

eZj 


— phototri angulation is a aethod of detemining the position of points 

JO — 

^.photograph by means of constructing a netijork of triangles whose dinensions are i 


The most that are erer needed are four ^ijnts per photograph^ as for transformation, 
and these can be determined by instrunenti. The purpose o f plan aerial trianau lation 


is to determine additional control points.! and thus to define the position of contour 


poxnts~by laboratory ins truBoients. 


12 
14^ 

J6- 

18_ 

sol 

99 _ 

9^.-1 

90 
9i\ 

I 

:^c 
:-e 
<0 

<9 _ 
/y 

f.O - 

SO J 


jured on the aerial photographs. 

To construct such a network of trianijles. the angles of these triangles must be 
Measured (not less than two angles per triangle ) on the aerial photographs. In the 
analysis of angular distortion of prints, it was established that the angles in- 
scribed by lines on a photograph are distoirted due to the tilt of the photograph and 
the tilt of the terrain, and are not equal to the angle inscribed on the terrain. 

The walue of the angles of a tilted photograph and terrain are described by a 
>adial drawn from the isocenter of a flat plane. The relief of the area creates 
J^istortion only in the directions not passing through the nadir point. 

I It is on these remarkable properties of the isocenters and nadir points that 

jthe oaethod of phototriangula t ion is based. 

If the photograph was horizontal during exposure, its isocenter and nadir point 
ill coincide with its principal point. In the case of a- horizontal or plan survey, 
owever , which is the only one that will be considered in the following passages, 
hen the angles of tilt of the photographs are small (a < 3®), the isocenter and 
adir point will be close to the principal point, and if they are replaced by the 
principal point, or even by any desired contour point close to it - termed “central 
- no practically perceptible distortions will result (as proved in Sect. 34). 
Consequently, the angles can be measured on an aerial photograph, or radials 
~|drawn on it, for the construction of a phototriangulation grid only from these base 
. jpoints (principal point, nadir point, isocenter) or from the central points of the 


( photbgrafb 





I 
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I. u.. 

d.. „ „u., ^ „„ ^ „„ 

rr point, since the true nadir points are unknown, they are detemined as the 
.o-c.U«, „bitr.ry («.. „.dir (... chapter Xli) 

-*-otri.„^aati« eet. he carried 

, either on a single flight atrip or for aereral flight atrip, together. The 

..cat eidel, naed. ai.pleat. and at the .«.e ti- fairl, accurate for. of phototri- 

angulation net is what is • > 

hat 1 . called a rhoaboid chain, which i. uaually con.tructed 

within the liadta of a .ingle flight atrip. 

A phototriangnlation rho.d>„id chain i. conatmcted in the folloaing ^nner. 

I Giren i. the flight atrip of air photograph. 1 ,2. 3 . . . (Fig.78), with a 6 Q» end 
I .p. »a which erery three adjacent photograph, .ntu.lly orerlap. I. thi. caae. the 
;the central point (or nadir point) of each photograph will be repreaented on both 
:.dl.ce„t photograph.. For exa.ple. point 2 of the second photograph ia „ppcd as 
point 2 - on the first and third photograph.; si.ilarly. the contour points a and b. 
ter.«d tie point. «,d chosen i„ the zone of triple overlap, are .«pped on all pho- 
tographs. Conae<p,ently. for each photograph we .»y .„aaure (or graphically con- 
struct) the angle, w and .. for„ed by the radial, fro. its central point to the ce„- 
t^Wointa. «.pping the. on adjacent photographs, and the tie points, as shown in 
i 

I Let US aaaua. the coordinates of the central points of the first «.d second 

ipaotographs to be hnown. •n.en. hnowing the angles and w,. we ..y. by direct i„- 
•tersection. detereine the coordinates of point a. In exactly the aaa* way. the 
iSnBlea and Sj can be used for determining the coordinates of point b. Knowing 
I the coordinate, of the point, a and b. and the central point of the second ^oto- 

|«t.ph. the posititn. of the central point of the third photograph can be deter-ined 
i twice by resection fro. the «.gle. Fj «.d ..d ^3 and 

’ <1-2. Ib2. 2.3. 2b3) constitute, a 
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rhomboid; therefore such a sche«c of • 


chsxii. 


net i- ter-ed . rh«b^d 


For the photographs 2 . 3 sn«l A ■ . 

- ... . .. . .r: iirriT - ■“ 

3. •ad so on can be deterained for 


f 


- 









l^i 

\J 



4f ( I 0 




' X'i 


fig. 78 - RhoMboid Phototriangol.tion Chain 
any number of photographs of the fliaht strio 

tern th P* By constructing such a rhonboid sys 

. tea., the radials fr„„ the central points can be laid to . d . 

'nKrat- L d to «ay desired points of the 

:P ograph, e.g., to point x (Fin 78) a 

i tion In this . 

^ —-1 positita. oI loor points lor e.ch photograph can 

«leter.xned. as re.n.ired for transfor-ation and «>saic assead.ly 

fro. this sche.ae of constructing a rho.dK.id phototriangulation net. and fron 
on ttion that the tie pointa helong to three edj.cent photo^repha. i.e the 
condition that there be . .one of triple orerlep. it fol loea that a bO* end lap 

"riL : - — - -^-etin a 

rhoBd>oid phototriangulation net. 

The construction of such a arid K-s j 
* an.lytically. for which 
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purpo.e the »«lea ^ mnA t ere «e«„red .ith specie! in.tru«ents. or Krephicelly, by 
copying the r.di.l. fro. the photogrsph onto tracing paper, -hich i, termed a cen- 
tral radial tracing. A central radial tracing ia shorn in the loeer part of Fig. 78. 
As a result of the great a.M>unt of work iiaTolyed arhen using the analytical aethod, 
the net is usually constrnct^ed graphically. 

To construct the nets, either the negatires of the aerial photographs or con- 
tact prints aade froa then aay be used, the foraer hare the adrantage of being less 
subject to defoliation. rf.ile the photographic inage is better rie-ed on the latter. 
When negatires are used, the points of tbe net are pricked on the. and copied onto 
the central radial tracings. When using contact prints, the central radial tracings 
i aay be copied froa the points pricked oa the photograpl., or the radials aay be drawn 
directly on the back of the photographs, by which the net is constructed. In pro- 
dactiwe operations, neRatires are usually employed. 

The graphic construction of rhomboid ptiototri angulation nets consists of the 
following processes; 

a. Selection and pricking of the points on the photographs; 

P^'cp^ration of the central radial tracings; 

c. construction of the net; 

d. reduction and connection of the net. 

.; • Selection and Pricking of the Points 

; The pricked contour points nnist be distinct, sharp, and easily recognizable on 

on the photographs. Such points, e.g., «y be plowed fields or other agricultural 
i tracts, the intersections of roads or ditches, the corners of low structures, small 
: shrubs, or haystacks (pricked in the center). It is forbidden to prick: blurred. 

I unclear, indistinct, or rounded outlines; outlines intersecting each other at an 
; angle of less than 30* (or more than 150»); corners of shadows or the shady sides 
of objects; high buildings or trees; shrubs and haystacks srare than 0.3 mm in di- 
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-e.er on the pl.oto«„ph. ioci.ed .oter cWel.; „ri.ble o„tli„os (boat. «.d r.ft. 

oa tke .ater, .uto«rf,ile. «.d train, on roads, etc.) Points on steep slopes are .1 - 
SO ansui table. 

6 

^ H.. priekin* of points, on the accnrScy of ,bich the accuracy of the phoiotri- 

«in.l.tro« depend, to a ,re.t extent. ™st be done eith extreme care and precision 
! . center of the prick -„t exactly coincide with the point to be pricked, which 

-not be represented m the for- of a «eo-etric point. The prick .mat be small, with 
a dsaneter of not —ore than 0. 1 a-. 

TH*" Prickij. fr of Central Pointa 

Ihe central points -ust be pricked at the best contour point located closest to 
i the prxncipal point of the photograph («hl not further fro. it thm. the radius de- 
ter«ned hy the expression r = f, : SO) . A special tr«.sp.re„t sheet is prenared 
for selectxnA the contour of the central point: The coordinate induces of the pho- 
tographs are pricked on the celluloid, and the opposite points are connected by 
.traxght Ixnes intersecting in the principal point of the picture; then, a small 
cxrcle wxth th.s point as its center m.d with a radius of f,:50. is cut out cf the 
The coDtour point taken as the central point must be easily identified 
loo both adjacent photographs of the flight strip, on which the point is also 

iPrxcked. On the photographs (negatires) the prick is surrounded with a square in 
( India ink. 

; lu constructing the nets for subsequent stereoscopic processing of the photo- 

I graphs, rather than pricking the central points, the nadir points are pricked, re- 
|«ardless of whether they coincide with any ..rked contour points. 


If the central point (or the nadir point) does 


not coincide with any contour 


pouts, e.g.. If It coincides with a lake and cannot be recognized and pricked on 
the adjacent photographs of the flight strip, then the initial radials (the radials 
to the central po ints of the adjacent photographs) on these photographs are drawn 
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“•rtificially" (cf. Sect. 53). 

the Gr ound Poinf of Control 

G™„.d of control serve to orieet the phototri.o*eletioo net. oe «« 

; Plottio* bonrd ..d to r«luce thee, to the «.i«„ed ecle. n.. locatioo «d deoeity 
-f the point, of Krouod control nee dictated by the re<n.ired nccer.cy of trinnKnU- 
txon. b-.ed on the 1... of ceeul.tion of error, in the net.. Ordin.rily the point, 
of ground control .re ,i.en in ench of . e-bee of photo«e.ph. (feo. 6. 8. end np to 
^20 photoer.ph.. depending on the nc.le of the flight .trip -d the .c.le of the -np 
jto be prepared) in the tone of .ide l.p between the flight .trips «d. wherever po.- 
I.ible, in a .one of triple overlap of the ! photograph, in one flight .trip. After 
;deter-ining the point, of ground control on the ground, they are identified and 

^pricked on the contact prints, putting a sketch and description of the contour point 
so selected on the back of the photograph. 

j The pricking of the point, of ground patrol in the process of phototriangula- 

tion consists in pricking the fixed contour f«,int on all negatives of both the giv- 
,en and the adjacent flight strips, on which the identified contour is shown. In 
ithe identification and pricking of points in the negatives, the field prick on the 
;«e.ative. and also the sketch and description on the bach of the pi.otograph are used 
as a guide. The prick points on the negatives are n«rked with triangles in I«lia 


*=• Pricking of the Tie Points 

It follows froB the principle of constructing a phototriangulation net and 
jfrow Fig.78. that the tie points a and b should be .elected on contour lines lying 
,oo the center line of the triple overlap of the photographs of one flight strip 
|«.d a. far a. possible fro. the center lines of the photograN... hut not closer 
'than 1 c. fro. the edge of the photograph (Fig.79) . On the end photograph. 1 «.d 
3, these point, are located at .pproxi«tely e<,u.l distance. 1 fro. the edges of the 
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photographs. 

The tie points arc pricked on each indiridual flijght atrip independently, and 
are not repricked on the adjacent flight strips. On the negatives they arc en- 
circled in India ink. 

d. Pricking of the Transformation Points 

The transforaration points are also narked on the contour point.8 of the photo- 
graph. located at the center of the quadruple (end and side) lap of four adjacent 


1 

0 1 

1 

1 

’ r 

IS ® 

— n 

zt 

tr. 

— 4///L— 




Fig. 79 - Tie Points 

; photographs of two adjacent flight strips (Fig. 64). 

i If four such photographs are placed side by side, as shown in Fig. 80, then the 

; transformation points must be selected at equal distances from the end edges of 
{ the photographs and at equal distances I2 from the side edges of the photographs. 

The rectification points are pricked on both flight strips, when viewing them 
j simultaneously. They arc encircled in India ink on the negative, with the sub- 


The total number and position of the points pricked on the photograph is shown 
in Fig. 81. In addition to the points given in this general scheme of their loca- 
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H tions, the ffroimd points of control are also pricked on a few photographs 

j53. Plotting the Initial Radials 

r; ] 

_j Tn casM Sil ESe point* or the nadir points are nsr TecogStsed oi 

-the adjacent photoRraphs. the initial radiala are plotted ■•artificially". 







Fig. 80 - Selection of Transforma- 

tion Points 


o o o 

Ofc Ox 

o o a 

Ox Ox 
o o A 


Fig. 81 - Location of the Points of 

the Phototriangulation Net on the 
Photograph 


Artificial drawing of the initial radials is baaed on the fact that a straight 
line on the ground is also represented by a straight line on the photograph; con- 
jsequently, if the terrain is flat, contour points lying on a straight line on one 




Fig. 82 - Plotting the Initial Radials 

photograph »ust also lie on a straight line on the other. In broken terrain, this 
postulation is wnlid only for an initial radial passing through the nadir points of 
both photographs. If such straight lines, containing corresponding contour points 
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— I pass sisniltaneously t;hroagh the nadir poidt (or the central point) on each of the 
— I photographs » then these a txaight lines will form a straight ipteree snectin ir the 




i 



— I F i g . 8 3 Plotting the Initial Rfadials by Smccessire Approxiast ion 

27. J ^ 

-J 

nadir points (or central points) i.e., they will fora the initial radial (Fig. 82). 

H 

?<': - .! 

a . Plotting the Radials with a Slotted Qlluloid Templet 


First CO. 


Cne of the nadir points (or center points) is identified on the 


adjacent photograph. 

Let the central point I be identified on the second photograph, while the cen- 
tral point 2 of the second photograph does not coincide with the contour and can- 
not be pricked on the first photograpli. Then, taking a strip of clear celluloid 
film with a straight line xx etched on it by a fine needle (Fig. 82), this line is 
then superimposed on the pricked central points 1" and 2* of the second photograph. 
All the contour points of the photograi^ coinciding with the line xx lie on the in- 
itial radial 1* - 2. After selecting the contour point a* most remote from the 

point 1* and coinciding with the line xx. this point is then identified on the sec- 
ond photograph. Placing a second strip of celluloid, with a straight line etched 
on it, on the points 1 and a of the first photograf^, the required initial radial 
is obtained, which is marked on the edge of the photograph by a prick through the 
celluloid. 
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i- 4et,r.i„«, by the «thod of e^cTeeive ep- 

pr«a«tto„. The Hoe ,x of the celleloid tee^let i, plece-d on th7^«^ 

*~P. Poextxoo I (K...83, .3 „teK^ .,.b the ptfeh of the eeet... pofot I. 
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-I 


If: -J 

-3 

20__j 

I 

22 _ I 



'>/* i 
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J 



y.ii 




<0 
/ V- 

/ / 


... „ ........ ... ........... 

1 771 " •— - .. 

, ur point b in the region of the central point 1 or, preferably, in the ex- 

111 ” 

i 

b' of th * *^'*1 **'”"'* ** *^*** position I' on the correaponding points a', 

, <■ . •. .h.. ...... ... .. 

p.. .... .... ... „... ... ^ 

; on the templet. Then, the line xx on ii, r 

: "**' photograph is rotated about the 

- r. point into the position II. to coincide with the contour point c. The 

poe- ^ -- P- 

coincide eitb the point d. on uhich. in the region of the center .. 
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^--j a ae* contour point e* in selected. Nextj, the line xx on the first pbotORraph is 

^ «b-Ottt the 1 into thje positi«a. III. tfi_jasj^c h the contour 

I . . ^ ' 

point c. This rotation is, in practice, |bo small that the point d does not leave 

j the templet line. This results in a i>i)sijtion in 

second photographs passes through a serieii of corresponding contour points d, k, e, 

(d', k*, e*) and through the pricks of thie central points 1 and 2. These lines are 

consequently the ssm and. since they pasp through central points (or nadir points), 

they are initial radials. The initial rajdial so obtained is noted on the edge of 

each photograph by a prick through the cejlluloid. 


;>H. J 

i 

. 1 


The stereoscopic plotting of the iniltial radials gives iM>re accurate results, 
since the stereoscopic method of observatjion is considerably more exact than the 
monocular*. 

For stereoscopic plotting of the initial radial, the adjacent photographs 1 and 
2 of one flight strip are rotated throuRh 90« with respect to the norasil position 
I and are placed in the position shown in FiE.84. In this position they are riewed 
I under the stereoscope and shifted until the images of the two aerial photojsraphs 
j merge into one distinct stereoscopic image. In this position of the photographs, 

j the earth s surface will be p»erceived as a plane. 

! 

j If the photographs are then superimposed with fine lines traced on glass or 

I Plexiglass plates (Lobanov rulers), these dashes will likewise be perceived stere- 
: oscopically with respect to the contours of the photographs. Thus, if the line on 
; the left photograph passes through the contours ai. bi . ci (Fig. 85), while the line 
j on the right photograph does not pass through these contours and is rotated with 

j 

; respect to them through a certain angle Y. then the line will be stereoscopical ly 
! perceived not as lying in the apparent plane of the ground, but inclined to it in 


The principles and nethods of stereoscopic vision are discussed in Chapter VIII 
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-space. In ot:her words, if the points a, and c of the left and right photographs 

1 ^ 

|Xia -on pa r aXXaX Xinaa, they wiXX not h&reithe paraXXax. d isto r t i on p 1 1 aipp#»«i t* 
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10 — 
12 _ 
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16 

i8_J 
20 
27 
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the Initial Radials 


Teaplet Line 


y '*1 


-o to be located at the same height. The points of the right line rj.rj., as a result 

-j of rotation with respect to the left line, cause a parallax distortion p from the 

1 

I points a, b, c, and from the points of the left line supterimposed on them. 

! This makes them appear as lying at a height differing from that of the points a, b, 
I and c. Figure 86 shows how this perception of the noncoincidence of the templet 
: lines with the corresponding contours is evolved. The parallax distortion cl = p 
i of the dash r^. at the points c leads to an intersection of the visual rays Ac and 

j Bl at the points c and 1 of the dashes, in the point Iqi Iyi®g above the plane of 

I 

j the apparent locality and its point c in the intersection of the rays Ac and Be. 

I 

I Th® parallax distortion of the dash r^. at point b leads to an intersection of the 

• visual rays Ab and B2 at the point 2 q lying below the plane of the apparent local- 
. ity. At the point a, where there is no parallactic shift (parallax difference), 

• the floating line rQr^ intersects the apparent ground plane. 

If the templet line passes on both photogra|d&8 through corresponding contour 

points and, consequently, does not produce parallax distortion, the line, when 
viewed stereoscopic ally, will appear to coincide with the apparent plane of the 
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^ oc.I.ty .t .11 poine.. <>«.e«.«-tly ifT by 

,pp,,ent pl„e of the Ur„i„ i. r..ch^_, it -ilt^^,„tly^h 
|co„e.po«lt.« co.to„. oo both photo*r.ph^. If i. joi.*, the lioe o. both left 


Fig. 87 - The Badial Tracing 


f'— r^— right photograph cain be aade to pus 

<>- ! I through the prick, of the nadir point, (or the 

2— . / cei^r.l point.), then the poaition of the 

Y» ° lr«^» will gi,e the required initial radial, 

<>— j I *VX •‘•ijtb 1 . then pricked by a needle through the 

8 _ X f apeicial openings K on the ruler (Fig. 84) 

0 j ■"»« *■«* principle i. used in the stere- 

Fig. 87 - The Badial Tracing nacjopic plotting of initial radial, with .K.re 

< i coalplicated inatruronts, where the templet 

line. «y be fixed and the photograph., placed in special holder., rotated instead 
j where, instead of the lines, .peci.l floating mark, are used. 

' I Laying the Rhombic Net 

I T, ob,.i. l„ for. ,b. ,h. 

: PO.... „ a,, ^ 

C d With a pencil Im*. and marked with subscripts as on the photograph. Then. 

I central point, the radials are traced to all other points by a calibrated 

i ruler, with India ink or ordinary ink. as shown in Fig.87. 

The radials must be fine (0.1 mm) auul must pass exactly through the centers of 

: the pricks of the points. At the central point, the photograph reference number is 
j entered. 

; lu sccordance with the general scheme of constructing a phototri^igulation net 

1 (Fig. 78). each succeeding central point (e.g., the center of photograph 3) is de- 
I termined with respect to the preceding ones (centers 1 and 2) by resection along 

three radial, (at the point, a. 2. and b) on a single straight radial (2 - 3) - the 
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12 — 
lA 

18 lj 

:>o,J 




24 




'i tJ 


_j then the base will be shortened (or lengtliened); at the saiae tine, all the tTTain^s 
j forped by the resections at the repaininK points of the net will be p ropor tionally 
reduced or enlari^ed. 

In this way the selection of the Taljne for the first bMe detSFiiii^i-tEi-S^ - 
1 struction scale of the net. 

After IsyinK the first two tracings, the positions of points a and b are ob- 
tained at the intersection of the corresi^ding radials, which positions are neces- 
1 sary for determining the position of the jthird tracing with respect to the first 
: two. and the initial radial 2 - 3 on this central point of the third tracing. 

The third tracing is matched with thje initial radial 3-2 with the corre- 
spending radial 2 - 3 (position 3” . Fijg.88) which has already been obtained in 
j the net. In so doing, the radial 3 - a and 3 - b need not necessarily p... 

I through the points a and b preriously obtained. Since these directions snist pass 
1 through the tie points a and b, the tracing 3 is shifted along the superimposed in- 
I itial radial 2-3, moving along the rays 3 - a and 3 - b, toward the points 
ja and b, until they coincide. If the ray 3 - a has been made to pass through the 
i point a (always being careful to prevent the initial radials from becoming separated, 
|a.-,d being sure that they reauiin superimposed), then, as a result of the existence 
I of errors in tl.e radials, ray 3 - b may perhaps not pass through the point b. thus 
I forming a small triangle of error (position 3 in Fig. 88) . The altitude of the tri- 
jangle of error, measured from the base of its side along the lateral radial 2 - a, 

I must not exceed 0.3 mm. If it does, the existence of a gross error in the radials 
j must be assumed, which will have to be corrected by verification, first of the in- 
I itial radials and then of the radials to points a and b. 

I If the altitude of the triangle of error is within the permissible range, the 

I third tracing is shifted along the initial radial, with the coincidence of the in- 
itial radial being maintained under all circumstances, to the position 3. until the 
ray 3 - b passes through the center of the triangle of error obtained in the po- 
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aition 3 . In this esse, the triangle offerror “st point b will be halV^.^but the 
»S^ triMgle of er st point These connected tri snsle. of error st 

** *** equal in sise. buti opposite in direction, i.e., with respect 


to the lateral' ra 


and 2r - h, ^e vertexea 


BMiat be turned 


J in opposite direction, (position 3). The | altitudes of the trianples after the con- 

nection «..t not exceed 0.15 The initial radial, here nust under all circun- 

atancea coincide. 

*16 Z of the tracing inwolring . shift in 

Jthe initial radial., is categorically forbidden, since this would break up the net. 

*0Zj “tablishing the position of the j^hird tracing, the position, of the point. 

S-d' ** 3 - 4 jare obtained, which are required for de- 

““ “*• foUo-i«* or fourth tracing. The fourth «.d .11 suc- 

J. H*"**^^"* “*■* fof** to the sa«i way a. the third one. 

^ “ results in a phototriangulation net of arbitrary scale, which is terned a 

! “free” net. i.e.. one which has not been reduced to the scsle of the plotting board 
land is not oriented on it. 

I The points of the net obtained at the intersection of radials and also the 

Jcentral points, are pricked with a needle into the base, on which a sheet of tracing 
I paper has been placed. At the points where permissible triangles of error have been 
jobtained. the points are pricked in the center of such triangles. All points on the 
I base are encircled with a bow compass (its diameter in the image, on reduction 
.should be 1.5 ran); the central points in addition are surrounded by a square, with 
ja subscript showing the reference number of the photograph, while the ground points 
jof control are surrounded by a trirangle bearing a number or place-name as subscript. 

The nraae of the trape.oid ra.d the number of the flight strip are inscribed on the 
I base. 

It is recoraaended that the laying of free phototrira.g„l.tio„ net. be performed 
on a mounting board with transillraaination. Otherwise, especially under field con- 
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J 


• ditions where the plan position of point^s in difficultly accessible areas is to be 
Ideterminedj the nets of plan phototrian|g;u^ation are constr uct ed dire ctly on the 
- plotting board to the assigned 


Hie construction of nets at 
the scale of the base (the plot* 
ting board) is done as described 
above, while the position and 
length of the first base (i.e., th 
first two tracings) must be found 
fron ground points of control de* 
temined on the terrain itself 



(Fig. 89). 


I Fig. 8 9 - Construction of a Net at the Scale 

I of the Base 


The position of the first 


I tracing is determined by the Bolo- 

! - 

I tov method, i.e. , the tracing 1 is placed on the plotting board in such a way that 
I the central rays to the ground control points 23, 24, 25, and 27 pass through the 
I pricks of these ground control points on the plotting board. The position of the 
I first tracing already characterizes the orientation of the net on the board, since 
the initial radials to the adjacent photographs thus are given an accurately de- 
fined position. 

The second tracing is matched with the corresponding initial radial from the 
first tracing and is then moved along it until the radials to points 25 and 27 pass 
through the pricks of these points on the plotting board. Since, in this case, 
the resections of the ground control points in the net coincide with the position 
of the points of the field control on the board, it follows that the base bj , as 
also the entire net, now has a scale equa] to that specified. The technique of the 
further construction of the net does not differ from that described above. 


m 
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j .c to ti.e coo.ttoctico of . net o„ ooe (ri^htTr 

(tj. ie,t> to the field coettol poiete. fot 34 oo 

] , -*,- .*"** ^’ ** "*’' a positioa where the intersection of the field con- 


( 


trol point in the net does not coincide sith its poeition 
.llow«.ce of the error of closure . so obt.ined is defined by 


on the KoardT The mean 


m = ± 0.35 Rb 


,3 

j where n is the ntunber of bases fr 




(26) 


o« rnit].^l to final; i* the error in the radial 


18 I , - ~ ».sa«; XCIUJ 

7 ^ “• " " “• »•“* *<■ b..— ... 

-|~.U .t ... __ _____ __ ____ ____ __ 


'photograph, in millimeters. 

I 

, The error of closure is elininsted by gradually shifting the tracings in the 

I xrectron of the true position of the ground control point, but in so doi„« .e at- 
|te.pt not to disturb (within the li.its of ^aphic accuracy) the coincidence of the 
|.natxal dxrectrons and the intersection of the rays of the tie points 
i After connecting the region of the net on the ri«ht side fron, the first base. 

. action of the net left of the first base is continued until closure at the 

i«tnor field control points. After coa.pletin« the construction and closure of the 
|net. we prick its points on the plotting board. 

i In those cases where the extension of the nets is performed on an assigned 

■ scale (as described abore for a construction directly on the board), the laying „a.st 

■be started fro„ the center, extending the net to both edges. Tnis will result in 

.the snallest delation fro» the specified scale and also furnish proper orientation 

| 0 f the net. For cases of free net construction, i.e. . nets at an arbitrary scale 

and with arbitrary orientation followed by reduction on the plotting board, the 

i laying of the net is usually started froui the edge (left) ts 

cage I left;, the accuracy of the net 

will be the same in either case. 
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55. Reduction of Horizontal Fhototrimjnilijbtion Nets 

^ free nete te|Ycele end orienting tlie l>ovrd~ornaineTtin|r 

the ne t between field c^trol poi^^ is turned reduction of phototriengulation nets. 

Reduction nay be performed either by | an optico>grapbical aetbod. using special 
projectors known as reducing printers, or; by the graphical netbod. 

The principal Method used is that of I optic o -graph! cal reduction. 

Figure 90 shows a scbeaatic diagran a projector reducing printer, where 2 is 
the holder carrying the phototriangulatio^ net (on wax paper or Astrolon) and 3 is 

I 

I the lens projecting the inage of the net. 
j illuminated by the laiqps. onto the screen 
jl. The planes 2 and 1 wust be parallel; 
in that case, the iaiage on the screen will 
be sisdlar to the net. 

If the positiim o£ the screen is 
shifted from position 1 to position 1 * , 
then, as indicated by the sketch, the im- 
age a()bo is reduced to the sire AB. The 
problem of changing the scale of the net 
is thus solved simply and simultaneously 

I for all points of the net. To preserve the sharpness of the inage. the lens 3 must 

j 

i be advanced slightly. 

If a plotting board on which the points A and B (field control points) have 
I been plotted is placed on the screen, then the line AB may be placed along the 
i line ab of the image by rotating the board on the screen. By changing the scale of 
; the image still more, the projection of the points AB can be matched with the 
I points A and B of the board. This solves the problem; the image of the net is re- 
duced to the scale of the board and is oriented on it by the two control points A 
and B. 



r 


Fig. 90 - Scheaiatic Diagram of a 

Reducing Printer 
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^ 11M«. to the net it i. eeB~^rf.rt o-h^rn^t i^^ thn, two control 

-Lpni-ta. To 1., hhe j«t. the phoh«,r.phe fre .o •eleatej 

“f “** -o-e iote^edinte note or 

_ flight .trip., poiit.-iir con„o„ Vith ndinient -Fe 

- trol pointa) . 

- After entching the .inor control points of the i«ge and of the board, all 

. pointa of the i-ge of the net are tranafirred to the board eith a aharp hard pencil 




Fia. 91 


! i.e., all the rectification and central 

i pointa are ao transferred. 

I 

i The neta can be reduced on any pro- 

j Jection inatrunent (reducer, rectifier, 
projector) which allowa the scale of the 
inaRe to be changed while aiaintaining its 
sharpness and assuring similarity of the 
image to the projected net; this latter 
condition requires that the planes of the 
negative and screen are parallel. How- 
ever, the transforming printers and the 
projectors now in actual production have 
holders that are too small to accomodate 
a net, and this requires a preliminary 
photographic reduction of the net, while 
Popov Reducing Printer still preserving similarity. This in- 
convenience is eliminated in a special 


instrument, the Popov reducing printer. 

The Popo, priater (Fig. 91) coa.iata of a projector -hoae sche«tic diagram i, 
shoen in Fig. 90. BoaeTer, the screen 1 of this inatruaient, in contrast to the dia 
( 5 ra« (Fig. 90). la fixed, and the scale is changed by shifting the holders 2 with 
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respect to the .creen. and by shifting thb lens 3 to maintain sharpness. ~rh^ 

(change of scale while preserTinjr 4harpnesa) arc made au tomatically, using 
the special deTice 4, termed a rhosbic schle inrerter which is actuated by the hand- 
aiieel 5. ' 1 ' ' - - 


The holder consists of a frame with a cut glass plate 60 x 60 cm, on which the 
net is pieced, corered by a coyer glass . ud illuainaCed by the electric laavs o£ 




- Graphic Redaction 


the illiuainator 6. The scale factor of tlie instrument can be yaried from 0.6 to 
1.5. The site of the screen is 100 x 100 cm and the height of the instrument. 
2.55 m. 


56. Graphic Reduction 


Graphic reduction is used in field work when no reducing printer is ayailable. 

. The principle of graphic reduction consists in the intersection of points in the 
net with the control points, i.e., with a certain assigned base. 

Let the problem posed be the reduction of the free phototriangulation net I on 
the plotting board by the control points 1 and 2 (Fig. 92). The points of the net, 
subject to reduction, are pricked into the tracing. The control points 1 and 2 are 
connected on it by a straight line which will serve as a base. In addition, to ob- 
tain optimum intersection of the points near line 1-2. the arbitrary auxiliary 
point A is selected on the tracing and is connected by straight lines with both 
control points. For long nets several auxiliary points are selected. 
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— thcKa £roai point 1 . 

0 

n,. i. ^ ^ 

.™.i, a. ..Ucid. ... ... ..j,.., , . , „ 


_ o i—— «P«» WUX'OI. 

f «. .w b«rt. .,,„ .u.. .„ ^ ^ 

M... p,iM «, ... ... ^ 


— — «. . inc 

......ectioa, of co„e.po„aio« ,.di.l, fo^oioi.. U.e -.o.ed pooieioo of .1. 

tte «t -t th. .cle of lioo 1-2. „„ plottioK board. The ...e iateraectioo 


is obtained on the board for the oosition^hf^ 

tne position of the auxiliary point A 

Tbe pofoe. of fhe net l,i„, oe.r rhe Uoe 1-2 laeeraect poorl, .feh poioe. 1-2. 
O o t.xo a relxable xateraection. point A of the tracing is etched aith the posi- 
-pon of this point on the hoard, and the tracing i, so oriented that the points 1 
,and 2 of the board lie on lines A-1 and A.2 of the tracin*. After pricking all 
|Po.nts of the net in this position on the board, the nea pricks are connected aith 

.poxnt A. The radials froa point A to the points of the net yield reliable inter- 
I sections for such points. 
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CatAPTBR VI 

topographic iktterpretation 


ggg xc Principle, of Topographic Tntett.ret.ei»n .. Aeri-1 


0«e of U.e booic procooes in . topographic -ap fro. the i„for.atio« 

jA.theraa through aerial .„r,ey. i. ph„to^.^Hic iat.rpretation; ia other oorae. the 

iTl r " - - — •» recoraea oo the aerial photograph 

-hrch ere rital for .ahio« a .ap of the area. Oepa.aia. oa the parpo.e for 

i'al or * ’"^h" «ro»a surface, geological, agricultur- 

; . aay other purpose - the correspo„ai„« iaterpretatioa .ill he callea topo- 

•Arap rc surface, etc. la this stuay. iateaaea for topographers, oaly the basic 
^prxacxples of topographic iaterpretatioa are aiscussed. 


As xs knosra. the various elemeat 


an area, such as: roaas. forests, cul ti 




|.atea areas, populated areas, etc. .ust he iadicated o„ a topogrlphic .ap.’ L/' 

cZa‘T"r" 

Ur exZpl 7 “-1 desigaatioas. 

It a 7 ' " - -^-lately aecessary 

ko dcscrxbe the ch.racter of the road by an ideati f i. ^ 

type, and .!«> to iadxcate the populated area, .hich it joxas I„ dr 

. .... . .. .. . J J -- - - 

Jcle«:xngs «.d humt-over sreas. All the oth- . ^deatxfy 

ilar hre.hdo«s. •«.. aunber of 

J ^ e esMuts as .ell as the degree of detail ia 
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'/I element is described fl^ends on the scale of the being pr^ar^ md 

/. ~l the . natural features of the area. For exasvle, a foot trail does jn^ hare anch 

^ I significance in the Central Kiropean region of the Soriet Union but is rery ii^or- 
^ ( "I *** relatirely inaccessible regiohs of the North and Far Eist. lS;e~^V»- 

q elerota, entered on the topographic nap, are defined by means of a specially 

j,, ~ ‘••▼eloped key chart; by the naming of populated areas, by boundaries and landmarks, 

by waterways, etc. 

J< - 

16 li ‘Afferent objects are recorded on the aerophototopographic surrey chart, 

Ifc ij ****^*'*^* "**^*'** **"” *** ‘*** ■•*>- "niie great detail recorded 

>0 j •^*‘® problem of defining .here certain parts of the landscape 

J ■PP***’ *"*•* P"“*^ ■“«• for deterwning their characteristic features. If this 

^ q problem could be solred completely in studying aerial photographs, the field surrey 
^ aamld be limited to compiling the names of tom.» etc. and all of the interpreta- 
^ tion m,uld be done with instruments. Ho«rer. the maall scale of aerial photographs 

( ee the terrain arhich cannot be recognized or re- 

^ I corded by an aerial photograph, require additional field surveying to obtain such 
I data. Therefore, topographic surveyors provided with aerial photographs, go over 
[the photographed terrain, marking all elemental boundaries required for map prep- 
jaration on the prints. He also marks on the prints objects which were not recorded 
^ I by the photograph and inserts the names of places. In practice, the field survey 
jxs usually combined .ith a photointerpretation. For example, aerial photographs 
^ , at a scale 1:50.000 to 1:70.000 c«»ot be interpreted to show, nor is it possible 
^ jto identify on them, lines of communication. It is difficult to determine the na- 
jture of a forest, etc. Even with prints at a larger scale it is impossible to es- 
- tablzsh the type or the functional use of a photographed building. Is the building 
of stone or of wood? Considerable additional data ha. to be secured. 
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- ^ All ide-tifyin« i„ l.bo„t<.ry i„t.n>re..tio„ of .eril p.K.to- 

c igr^mpiia, are classified into two at* 

^ ^ the fxrst group coaprising direct data and 

* , dtr. /7 “• 

. .„d„„ „ . d„,., ^ 

’ ■■’ - ****'**tics and descriptions. 

l^-ihe i" identifiention. 

> of csnera rs exsetly rerticU and t.e o.ject is on a horizontal plane 

> >or exanpla. bniiaings appear on prints as rect«.«les „ads 

> ribbon, -fc 1 . «=«^«ngle 8 , roads appear as dereloped 

: p.:r:ir :;:;::;:.“r:.:::r ”' " 

.. f-.. n. d... j:r :v;„7 7* “ -- - - 

- jshspe of an i„age. -ftis is s h influence on the change in 

-Hr . " *'**'*" =^«»“‘ions of an object will K 

<v ^rstorted on the inage (relief distortion) as in the r 

M - to., the hrgh hnilhings na, not onl/nshe the anj ^ 

r •'•■ -y i. Pi«.. Md. a. ‘ 

-= „ J.dd. «. .d.p. “-‘•‘•‘p. ■n.dp.r.dd, 1 . i. 

‘■i- iho buis af ,tereo« *"* *" ■««■! phoCpdraph a„iy 

P IS ol stereoscopic exasHnation (Sect 69) pk 

■'. Ithe depth of field of an h ).•»>«. the interpreter is able to see 

r i iieid of an object, with the aid of zs - 

' SV_tle to draw correct concl ^ P«ir. It is often possi- 

r rect conclusions as to the shape of an object fro. o I 

• fut in this case the shade, thro™ by the object 

• jjreat assiatMice. ’ ““ print, i» of 


Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0 





Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81 -01 043R00090001 0007-0 


C ^ 


For a coa4>rehensive interpretation, t.he size of an object is a desirable cri- 
terion. iCnowing the applicable scale for the print (the scale being ^remed by the 
j focal length of the caaera and the altitude of flight during photogrsi>hy) and the 
^ approxinate dimensions of the actual object, it is easy to determine the acthail size 
J of the object as shown by the print on a reduced scale. This pemits a awre accu- 
/| rate description of the object to be interpreted. Thus, e.g. , rectangles on the 
-j prints represent indiTidual buildings, gairdens, agricultural areas, nd sone other 
I elenents of the landscape spfaose dinensions can be calculated by their representa- 
tire size. At the sane tine, on large-scale prints (1:5000 to 1:10, (MM)), individual 
buildings often appear larger than large agricultural areas on anall-scale prints 
(1:50,000 to 1:70,000). 

(hie of the inportant factors of interpretation is the height of objects, ohich 
: is detensined by their shadows or through stereoscopic exMination of the prints. 

To detemzne the height of an object by its shadow, it is inportant to know not only 
, the direction of sunlight at the tine the photograph was taken (which can be deter- 
I mined by the direction of the shadow) but also the height of the sun above the hori- 
j ton. It is definite that any variation in the height of the sun will cause a vari- 
j ation in the length of the shadow of an object. This aiakes it iaipractical to Judge 
j height by shadow alone. Furthermore, in many cases, high objects do not throw a 

j shadow. Tbe surest way to Judge height of objects is by stereoscopic exmaination 
I of a pai r. 

I Color of an object is a very important factor in interpretation or, to be more 

j specific, the ability of the object’s surface to reflect ranges of the color spec- 
- trum. An object absorbs soans rays of the sun and reflects others. The reflected 
ray. have a certain range within the spectrum, giving «> idea about its color, by 
Its image. Any light reaching the light-sensitive emulsion of a film first passes 
through a thick layer of atmosphere and then through the camera lenses. Tbe re- 
sultant effect on the film is well known (Sect. 11). HUs light-sensitive surface 


to Judge height of objects is by stereoscopic examinati< 
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reacts differently to the different rays of the light spectnas. Thus the rariabre 
; qaaBtity of the reflected rays and their spectral coaposition create a Tariable den* 
• sity on the coa9>osite iaage. This aakes it possible to Judge the crolor- reflecting 
•hility of the corresponding object. By hsing different types of fila, which hare 
different coefficients of color seBsitiwity, and by using optical filters of differ- 
J ent color, the iaages of Tariable objects on the prints are not reproduced in stand- 


— I ufd tones of shading. For exaaqple, when using panchromatic film, water surfaces 


.-i 


appear as dark tones (appearing in light tones on the negatiTe), whereas infrachro- 


-I ontic film will cause these same water surfaces to appear in light tones on the 


print. This rarisnee of tone, in photographing the same objects, is advantageous 
for interpretation, since it perwdts better distinction between objects, which 
wonld be rqpitxfaicred in the sasie tone on one filai but not on another. 

The ability of terrain features to reflect colored light, the spectral sensi- 


! tivity of film, and the use of optical filters were used as basis for special refer- 


ence charts published, which are coaiposites of samples for photointerpretation. By 


comparing the aerial photogr^hs. with respect to their geometric (shape and sire) 


i 


and optical (tone qualities) characteristics, with developed samples, it is possi- 


I ble to interpret with greater accuracy. 


/. ' 


Factual data of interpretation give a basis for indirect data. For example, 
a road ending at a river and continuing on the other side of the river indicates 
the existence of a bridge or a ford, numerous paths converging at one point in a 
populated area indicate the presence of a well at that point, etc. In addition, 

I supplemental practical data are of importance as is also a geographic study of the 
I entire terrain. For exaaq>le, a topographic surveyor working in northern regions 
j invariably will study its geographic characteristics to be prepared for the type of 
features he might have to face during interpretation. Data obtained from rosters 


j and lists in larger towns of the region and lists of names greatly facilitate the 
I process of interpretation. 
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“ ; 59. Tbe Se<piepce of Steps in Photointerpretation 

I Prior to inteipretinj^ an aerial photogri^ph, the topogri^pher makes « of 

i the region from literature data and detenidLnea the basic characteristics of the re- 
J gion he will be confronted with daring interpretation. If the scale for the wap 
composite is to be larger than I:100«000. the topographer will make a detailed ster- 

•— i 

Jeoscopic examination of all photographs and mark them with a route for future field 
"nM-s route must include all p<^alated areas and all sections of the 
jprints where interpretation by instruments will be uncertain, such as boundary areas 
elements and also their composition. Certain areas for which photointerpretation 
~ jmay be accurate enough, still absolutely require a field surrey. 

Field surveying consists in recording objects on the photographs, which are not 
distinguishable on these photographs and which arc needed for making the topographic 
map (communication lines, wells, bridges, etc.). The surveyor also draws in the es- 
tablished boundaries of elements which includes the collected list of pertinent 
names. The elements which were not distinguishable are drawn on the photograph, 
fixing their location by distances measured from the distinguishable objects. 

All identified objects are drawn into the photograph in the field, using desig- 
nated key charts. Every day, after returning from the field, the topographer makes 
the day's entry on the photographs permanent by going over them with India ink. If 
the interpretation is being made from contact prints or from enlargements, each 
-photograph is marked at the start of the work with the boundaries of the work areas, 
which progress approximately along the center line up and down and across the com- 
posite. The interpretation is done along these working areas of a print. Simultan- 
eously with plotting the interpreted objects on the photograph, names arc inserted, 
the course of rivers is indicated, and all other specified data are recorded. 

When making a map at a scale 1:10.000 of an area which is difficult to pene- 
trate, It IS senseless to attempt a field survey by the above method. In such cases, 
j after a comprehensive study of the prints obtained, the topographer goes into the 
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CBAPTEB VII 

topographic- GEODETIC «OBK IN VEBTI CAL- COMBINED 
AEiK)PHOTOSUR VEY ING 


Aerial P hotographs op the Plan 


I (identification points). ^ ^ 

I ll. 

I grapiis d^>end on the scale of” i- 

of the „.p bexng prepared, the acale of fii^t. the pho- 

J«ra«etrrc .ethod of fiUio* i„ „r de„aif,i„« the control net that ia hein« uaed. 

SO on the physical, geographic, and economic characteristics of the terrain 

O coa^nte the nnaO^er of identlfreation points, the fora.nla for caa,„lative errors^ 

» uaed nhtch. for a plan phototri animation series, tahea the fora.: 


m = ±0. 35 Fb 


■*■ 11-3 n 6.5 


where . denotes the mean- square error in M. 

-«-iiun points of the pho- 

totriangnlation series at the scale of i^Kaa o ^ 

map, R IS the reduction factor (ratio of 

.p. i.... 

of points on the plan is aivan in -k ^ «»tion 

" * " in.tr„ctiona so that, in co.,.utin« 
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1 


c > 


the density of the geodetic base, it can be easuMd that its .agiutade is linoen. 
■ttes. kaoeiag the distance b betseen the principsl point, pf th, photographs, the 

ecele of the «p being coifed, the sole of flight, sad error in 

one direction .g, the eqaat;ioii 


:t(. 
.1 ^ 

\c 

lb 

5^0 


>* + 11.3 a + 6.S 


+ 33 


B* b* 


(27a) 


«■! ,i.la ti., ...... 

i U- Pi„„„ L ..rt.,, tti. i. ........ .... 

the equation 


(27b) 


( 


L = B (n- 1) 

/ 

Wrere B is the length of the photographic bsse on the terrain. 

“P « Plan for T ying in Identification 

Bearing in -ind all of the .bore conditions, a plan for positioning geodetic 
bie-in contour points (or identification point.) can be dr.«. „p. 

The planning is carried out by rough .K.s.ic -ounting of the aerial photographs 
on uhich all hnoen points of the geodetic grid are entered (approxiuately or exactly 
depending on identification) along eith the proposed plan identification points. 

The plan identification points are usually so selected that they fall in the 
center of the side lap between flight strips; then each identification point can be 
«.ed for t«. flight strips. Ibe plan identification point sntst not be located along 
bhe center line of the photographs since, in that position, it -ill be rery diffi- 
cult to xncorporate into the phototri«,gul«tion grid. 

I- Pl«»ing. the topographic features of the terrain .«..t be taken into con.id- 
eratron to draw up a project easily reduced to practice. Ihen -arking off . point 
-ot only the ease and reliability with which it c«. be identified but also the 
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poBsibility of deteraining its geodetic coordinates mst be considered. Therefore, 

Ub dramng up « pi«,, stereoscopic SMthods for Tieeing aerial photographs are a pre- 
jreqaisite. 

I The photographac representation of contour points mat be clear and sharp, 
j The following way be selected as identification points; crossings of roads or 

ipatha, intersection, or comers of tilled fields, foundations of buildings or struc- 
jture. not corered by shade, unsh«ied base, of i«.l.ted trees or bushes, etc. 

Selection of identification points on poorly defined contours or contours that 
iare circular in for. should be avoided since they cannot be accurately identified. 


2^ 



»'W>VISIONAL mRK 
OF CEfTHRAL PRINT 


A 


PLAN IDENTIFICATION 
POINT 


Fig. 9 3 


Standard Schene of Locating Plan Identification Point, 
on a Trapezoid at a Scale 1:25,000 


[For exssiple. identification points in ravines, among trees and bushes, in the deltas 


< 


(Of rivers or brooks, or at the crowns of trees are unsuitable, 
i Fro. the vieupoint of geonetric location, the identification points should be 

jpositioned so that they can be intersected by no less than four central points of 
I the photographs, i.e.. they should be in the center of the mne of side lap of ad- 
,jacent flight strips, and should preferably be in tones of triple end lap. Ihe den- 
isity of identification points will depend, as indicated above, on the scale of the 
nap and other conditions. Thus, e.g. . for a map at a scale 1:100,000. the intervals 
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between plan identification points along the line of flight nay be an large an 
60-100 kn, rtaie for nap. at a ncale 1:25,000 or 10,000 (fig. 93) it ha. been e.tnb- 
linhed that “pl«. identification points should be located at interrals of 4. 5 to 
9 he. Aerial photographs with insufficient end lap and toning ahonld be tied in with 
■ additional identification points" (Bibl. 17 and 18). 

After a plan is drawn up. all points selected for tying in and all bench narks 

iare plotted on the reproduction of the ro„gh -oaaic and designated by conrentional 
symbols. 

The aerial photographs and the reproduction of the rough «,.aic. with the se- 
lected points narked on it. are turned orer to the personnel charged with tying in 
!t;he aerial photof^raphs. 

62. Perforajing Topographi c> Geode tiir* 


Topographic-ifeodetic W.rk fo r Tying in Aerial Photowraph. 

The task of tying-i„ aerial photographs to points of the geodetic bases consists 
of the following operations; 

1) Identifying the contour points (identification points), narking then on the 

aerial photographs adth pin pricks, and sketching the identification points (con- 
t;ours); 

2) Fixing the identification points on the terrain; 

3) Topographic-geodetic surveying to detennine the plan position of the 
identification points. 

Before tying- in is started, a thorough reconnaissance of the terrain should be 
made to confin. the choice of geodetic aethods and to check the disposition of 
planned identification points. 

•• Ij entllying, Pin Pricking, and Sketching Points 

The process of identification consists in collating and watching identification 
points with the corresponding point, on the terrain, of .«^hing the- on the aerial 
photographs with pi n pricks, and of sketching their position. Theae are all ,i-ple 


SSI 
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but Tery iaportant operations. 

The process of identification requires great care and full attention, since 
the possibility of oversights in identification must be avoided at all cost. M in- 

correcUy identified point, even if its geodetic coordinates sre correct, is con- 
ipieteiy useless. 

Identification on the terrain should be carried out aith error not exceeding 
the graphic accur.cy of identification on the photograph. It nay be taken for 






PLOWED FIELD 


ANGLE OF 




Fig. 94 - Marking of an Identification Point on a Photograph 
and its Contour Sketch 

granted that a pin prick can be made on a photograph with an accuracy of 0. 1 i». 
Iherefore. errors in identifying contour points on the terrain should not exceed 
0.1 - relative to the scale of the photograph. When identifying a point on the 
terrain, the topographer should carefully cospare all contours on the photograph 
near the selected identification point with the terrain to -ake certain that the 
point he IS about to pin-prich on the photogr^h is the point he is sighting. Such 
a co-pari«.„ is nandatory. since one photograph may contain several identical con- 
tours, so that the w«.ted point can be positively identified only by coeparing the 
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contours next to the point with the terrain. After the contour of ter- 
rain selected as an identification point has been positively identified by coiqparing 
the terrain with the photograph, the point is priclred on the photograph. Soaie kind 
of firm backing suc^h as celluloid should be placed under the aerial photograph when 
pin-pricking points to ensure proper coincidence. A thin, sharp needle should be 
used so that the pin pricks arc round, small in diameter, and visible against the 
light. 

The pin prick should be encircled on the reverse side of the photograph and 
signed. Here also a sketch is entered of the identified point at a scale larger 

than that of the aerial photograph, for 
easy reading. When sketching a contour, 
the image of the contours on the photo- 
graph should be used as guide and the ter- 
rain as a control , to achieve maximum co- 
incidence with the sketch of the aerial 
photograph. When hatching the sketch of 
the contour, the relative degree of dark- 
ness of the photograph should be retained. 
Terrain contours which do not show up on the photograph should not be shown on the 
contour sketch. Brief explanatory descriptions should be made on the contour 



PLAN 
PROVISIONAL NMRK 

© —“identified** 

DITCH 


- Marking an Identification 
Point on the Terrain 



Fig. 9 6 - Digging for Heference Marks 

sketch, e.g. "corner of a field”, “bush”, "cross roads”, "comer of a house", etc. 
(Fig. 94). 



1- i 
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The contour sketch should be dram with «> ordinary Mack pencil, clearly and 
accurately, indicating the date of identification and the naM of the sketcber. 
Careful and accurate sketches of identification points are helpful as a control of 

identification and in transferring identification points fron one photograph to an- 
jother. 

t 

Markinic Identification Ptoints on the Landscape 

. I 

I Identification points u^e narked on the landscape with a stake about 1 . long 

jand 0.1 . thick which is driren into the ground to a depth of 0.6-0. 7 n. A ig>ot is 

|s«>othed off on the upper part of the stake, «.d the nai«> or nu.d>er of the identifi- 
jcation point is written on it 

I 

: Identification points are also narked by ditches dug in the fom of an equilat- 

jeral triangle with 1. 5 n sides or a circle with a radius no snaller than 1 nCFig.95) 
I The ditch should be one showel-width wide and deep (0. 2-0. 3 n); see Fig. 96. 
jihe earth renored from the ditch should be piled outsioe the ditch so that it doe, 
pot interfere with the setting up of the instrunent. 

I A surreyor’s stake nay be placed on the identification point to facilitate 
laifithtings fron other points. 

i 

j If these reference narks oust be preserved for a long tine, they should be re- 

jinforced in a more permanent manner 

I 

i 

1^* Topogr^hic-Geodetic Measurements 

I Various netbods of topographic-geodetic neasurenent are used depending on ter- 
pain conditions. 

I The analytic grid (snail triangulation grid) and the graphic (geonetric grid) 
pre nost widely used for locating identification points when napping open or sesd- 
poncealed terrain, and the transit traverse is prinarily run through the concealed 
.terrain. CosAined use of both these and other nethods of tying-in are often net in 
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practice. Coa.tructing a control survey net by graphic method, ia penaisaible only 
for maps at a scale 1:100,000. 

Since the -ajority of plan identification point, are iaol.ted points, it is 

inost convenient to locate the. by direct or reverse intersection eith triangulation 

Ipoints (Pig. 97. ) 

i 

However, identification points c«n.ot always be obtained directly by Kr±^l,. 
Ition or xntersectron; i„ .„eh cases see point near the identification point .„st be 
iselected and the identification point nust be tied in with this point by .akmg ad- 
jditional geodetic raeasurements. 


lOCNTIFlCATION 
^ 


A 




/identification 


DIRECT INTERSECTION 


REVERSE INTERSECTION 


! Fig. 97 - Locating Identification Points by Intersections 

j e.g.. tne polar nethod of tying-in can be useo, with direct neasureent 

,of the line to the identification point, the so-called tyi„g-i„ by points (Fig. 98) 
(This nethod a.ay also oe used when so«e point of the geodetic grid cannot be identi- 
,fied on the aerial photograph. I„ such cases, the Known contour adjacent to the 
(point which cannot be identified is also tied in by a point. 

I »hen direct measurement of the distance to the identification point is iagn..- 

jsible, the distance c«. be deterwdneo geodetically by constructing a triangle and 

, ensuring the elcents necessary to deter.i„e the plan position of the identifi- 
{cation point. 

i As noted above, for concealed terrain, transit or tachyaietric traverses are 

|run. Tachymetric traverses for tying-in identification points are run for s-all 
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.clea of photography (1:50,000; 1:100.000) or for c..e. .here it i. difficult to 

-e..ure liuea of the atrip, e.g.. .hen the l«.d ia concealed, interaected, or a.aaipy 
Transit trarerses are run: 


identification 





identification 


Fig. 9 8 - Polar Method of Tying- In 

a) Bet.een t.o geodetic point., in the fox. of aepar.te elongated tr.reraea; 

b) In the fox. of a ay.te. of tr.rersea haaed on geodetic points «.d fox-ing 
one or several Junction points; 

c) In the fox- of closed polygons based on one geodetic point (Fig. 99). 

A ♦. ^ 



Fig. 99 - Diagrau of Transit Traverses 

HMiging” trarerses should not be penaitted, the trarerse should be tieo into 
geodetic base point or into the extension of earlier trarerse. 

Graphic (pl-.e-t.ble) tying-i„ of identification points is carried out by ex- 
panding the geometric grid. 
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^ In annlytic. mnd eren aore so in grsphic tying- in, thorn any be opportunities 

for locnting sdnitionsl identi fiction points. Ad,«,t.ge should be taken of such 
^opportunities if this can be done si«ataneou»ly with carrying out the basic task. 
Jthe of planned identification points. 

j In addition to the nost co-«»n aethods. indicated abore, various forns of tri- 

^sagular circuits, coa^lete and inconplete central systeas. and coabined intersection 
_aay be used, their choice depending on the specific conditions encounteren. 

For the analytic tying-i„ of aerial photographs, the bssic aeasnring instmaent 
Ji. a theodolite of 30" accuracy: for graphic tying- in. a plane-table with a tele- 
scenic alidade is generally used. 

The technical aethods of aaking angular and linear aeasureaents for tying-in 
>f aenal photographs are the saae as for ordinary geodetic work, while the few ape- 
jcific requireaents and technical tolerances (configuration of grids, length of trav- 
lerses, allowable errors of closure, etc.), depending on the scale of the nap and the 

|Bethod of tying- in. are contained in corresponding instruction annuals, which should 
l>e consulted in carrying out the work. 

j On coapletion of the «irk of tying- i„ aerial photographs, the following ante- 

jrials should be submitted 

I 

I For analytic tying in: 

j 1) The aerial photographs (contact prints) with identification points and 

I contours marked on them; 

I 2) A reproduction of the rough aosaic with identification points and geodetic 

I control points marked on it; 

I 3) A diagram showing the tying-in of identification points, 

j A survey record. 

I For graphic tying-in (in addition to the aerial photographs and the reproduc- 

jtion of the rough mosaic): 

i 1) The plotting board with points located on it; 
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2) D.t;a on the urgins of the plotting board of the plane- table; 

3) Topographic records. 

f 

■ Belief on P h otonapa, iterial Moaaica. and Photographa 

I Co^,ared to pl«.e- table aurrey. in ahich the topographer enter- on a blank sheet 
jnf paper contours of his own choice and the relief, the surrey of relief on a photo- 
“““-l nosaic, or photograph differs as follows. 

J Prinarily, the contour, of the e«-th>. .urf«:e are depicted on the photograph, 
j *■*** “■rrey of relief xs based on known contours; secondly, the photo- 

graphs, in addition to the contours of the locality (estate boundaries, roads, popu- 
k-ted points, etc.), contains contours related to the relief of the terrain, e.g.. 

^es of rarinea, lines of water courses, cliffs, water holes, etc., i.e., elenents 
fhich form the skeleton of the relief. 

I The base lines of the relief or its skeleton, i.e., the lines of water courses. 
Mdgos. sun«its. etc, plotted by the topographer during the pl«.e-t.ble surrey in 
phe fom of broken lines, are of considerable ralue in relief surreying. I„ a giren 
^«.e. these lines need not be plotted, since they are already giren in nuch greater 
(detail on the photograph than on the plane-table surrey. 

I The basic nethods of plane-table surreying (Bibl.l9). in their application to 
jotting horiaontals and sketching relief on photonaps, aerial amsaics and photos 
jrenain unchanged in principle. Howerer. there are certain apecific differences 
[Which hare a noticeable effect on the nature of the work. 

I It is known that a photonap is a «>s.ic of tran.for-ed prints glued to a stiff 

rounting; the photographs are usually printed on glossy paper. Such a photo-ap is 
jinconrenient for «>rk under field conditions, so that the photonap is usually re- 
placed by a reproduction on eat paper, cenented to a rigid support (aWnus. or ply- 
(wood) . 

; Before beginning the field work, the accuracy of the photo.«p reproduction «st 
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be cbecked. Tbc borders and the kiloaeter grid o£ the coordinates can be checked 
with a precision ruler or a bean coaipass by comparing the diBensions with their 
theoretical aagnitudes. The accuracy with which geodetic points hare been plotted 
I Bust also be checked. Dewiations in dimensions of the borders should not exceed 
jo. 3 BB, while errors in the position of control points with respect to the border of 
ithe trapezoid should not exceed 0.2 bb. 

i 

I The photographic reproduction of the phoUmmp should be of a uni fora grey or 

I light- brown shade and of normal sharpness and density, so that lines drawn in by 



I ScMle /:20C0Q 

i 

j Fig. 10 0 - Eeterinining the Plan Position of Halting Points by 

j Measuring the Distance along the Contour with a 

I Lereling Rod 

! 

pencil will be readily discernible on all parts of the photomap. At this tiaie, the 
jeleration control points, elevation reference marks, and the descriptions of their 
position should be checked. 

I In addition to the photomap, a set of aerial photographs with 60% csnd Icqp of 

jthe given strip of terrain is required for stereoscopic study of the relief. 

j 

[64. An Elevation Control System for Surveying Relief on H&otomaps 


j If a photomap of scale 1:25.000 to 1:10,000 has 20 to 30 elevation control 

jpoints which are uniformly distributed over the plotting board, there is no need to 
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th« „d di.trib«tion of elerotion control point, on the plotting bo.rd. and 

.!«, on the b..i. of terrain fentnre. (den.ity of fore.t., irregularity of relief. 
|and other characteriatica). A:t„.l inapection of the terrain along with . stereo- 

.^acopic an.ly.ia of the photograph .ill help in .electing the no.t convenient -ethod 
— |of constructing the eleration grid. 

I The ».t CO— on method of con.tructing the elevation control net«,rh i. by uaing 
_the b-ic pl«.e- table elevation traveraea, vho.e point. c«. generally be identified 
on the photoaap. It i. one of the characteriatica of vertical- combined anrveying 
_ th.t the di.tance bet«en point. c«. be determined directly fro. the pbotom^ as the 
_di.t«.ce between identified point., rather th«. me«iuring the. with a r«Hje finder. 

If it i. imposaible to identify point, of the traverse in the plan position, these 
be fixed by the di.t«.ce measured with a ruler fro- a contour point of the trav- 
nr«. while orienting the photoaap by a coap... or by the contours on the photonap. 
checking the orientation with other -re distort contour points or geodetic points. 

In addition to the method described above, many other combinations of -thods 

nay be used to determine the plan position of points. Several of the -st typical 

Methods arc given below. 

I 

I 1. By measuring the distance along a straight contour from its turning point 

With a leveling rod. using another angle along the line or another contour for a 
bontroi (Fig. 100). 

2. By measuring the distance fro. two «*11- identified contour points of the 
ihotomap with a leveling rod. The point will be found at the intersection of these 
jradials. lard off to scale with compasses (Fig. 101). The photomap is oriented by 
jcompas. or by contour point., using distant objects as controls. 

{ 3. By intersection fro- two or three well-identified contour points of the 

photouap, which points are oriented in advance (Fig. 102). 

4. By reverse intersection fro*, geodetic control or identifying contours, with 
^relininary orientation of the photoaap. 
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n addition to these Methods, characteristic for rerti cal- combined surveying. 

.urvey «thod. (. geo-etric grid, b..ed on the pl„e-tia.le trererne, and 
.a graphic solution of rerer.e internection) nre aiao used. The latter is chiefly 
. luaed xn parts of the photoaap with an insufficient nuadber of identifiable points. 

I The basic plane-table eieration tr.werae is run between eleration control points 
(control points, reference -urks. triangulation points), and also between point, of 
::tied-in basic pl«.e-t.ble eleration trarer«... by using a telescopic .lid«ie or 
tr«.sit with a rertical circle that read, to 1- or 30" .ccur«:y. or a telescopic 
alidade equipped with a cap- al tueter designed by engineer G. Yu. Stodolkerich. 

1 The tr«..fer of eleration. with a telescopic alidade is generally carried out 
by taking readings in two directions to obtain direct and rererse eleration. while 






Fig. 103 - Sighting on Landmarks for 


Or-a -sa-4 


jangles are neasured in the two positions by the rertical circle. 

I Wiile running the b«.ic eleration trarerses, obaerrations are nade on points 

jof the trigonoa^tric grid and on other local land-arks which hare significant ele- 
jration. The distance to these objects is taken fro- the photonap. 

I The elerations transferred fro- points of the trarerse by numerous sightings 
|on local l«,«k,arks, used for orientation, -ay be used later in sketching the relief. 

I In obserring such l«.<h.arks. the horizontal staoia wire of the telescope tube of the 
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is sighted on prosiiiient characteristic points or lines of t^he object, such 
Ins the top of a c h iai n ey or tower, the base of the ^ire of a windauil, etc. The 
^sighted place is then entered in the record, with a sketch (Fig. 103). 

Points of the basic trawerse, used later for plotting the relief and for tying> 
Jin of surrey traverses, should be narked with a wooden stake and capped. for the 
jscales of topographic rasps coapiled by rertical-coBd>ined surveying (aiainly 1:10,000 
jand 1:25,000), published instructions are available that give the respective toler- 

J 

lances for lengths of traverses and lines, errors of closure, and other technical 
jrulcs to be used as guides. In the given case, greater lengths are perraitted for 
jplane- table elevation traverses than for plane-table surveying, since in running 
Jthera off, the plan position of points is determined from the photonsp. 

I This fact is iaportant, since it makes it possible to have a less dense geode- 

jtic base on the plotting board which, in turn, affects the organization of the work 
las a whole. 

I 

I 

i After computing the average increments in elevation between points of the trav- 

jerses and drawing up a diagram of observations, the heights of points of the basic 
^lane- table elevation traverse are equal! z<Ki by the vanishing point method or by the 
jpolygonal method. Then other adjacent traverses and connecting points are tied in. 

I Ellevation points are plotted on a tracing of elevations (Fig. 104) which con- 

jtains also their numbers and elevation. 

! 

j Also plotted on the elevation tracing are geodetic control points, reference 

[marks for geometric leveling, survey base points, survey traverse points, and iso- 
jlated points for which observations have been entered on, record (local lanckDarks, 
[characteristic points, etc.). Magnetic declinations are also recorded on the trac- 


^ Ikinning of elevation traverses is done under various conditions, depending on 

|the existence and location of elevation control points and on the physical, geo- 
tgraphic, and economic character of the region surveyed. All these affect the trav- 
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erse and the nature of work performed. For exan^ie, d^ending on the arail ability 
of points and the nature of the terrain, it may be expedient to extend the elevation 
parts, but not over the entire plotting board at once. In <^en and treeless 
jterrain, the work is different from what it would be in wooded terrain. If there 
jare large bodies of water on the terrain, the water surface can be used as a reflec- 

!tor for transferring elevations, etc. 

'! 

I All these and other individual variations in the terrain should be considered 

isnd put to good use in running basic plane-table elevation traverses. 

i^5. Transitional Survey Points 


Full use should be made of points of the basic elevation traverses 


as transi- 


jtional survey points in plotting relief. Besides these points, the elevation and 
position of other transitional points, necessary for the survey, should be defined, 
jlhe density and distribution of these points will depend on the skill of the topog- 
jrapher and on the nature of the relief and density of trees in the area. In open 
places, the number of transitional points will be smaller than in wooded sectors, 
jirhile an area with broken or sharp relief will require more transitional points than 
^ level area. 

^ Transitional survey points may be located on the photomap in various ways, 

j In the plan position, these are located by: 

I a) Identifying a contour point. Any contour, its angle, or the intersection of 

jcontours identified on the photomap, can be used as transitional survey points; 

t 

j b) Identifying lines on which the point is located (landmarks, roads, etc.), 
jand measuring the distance from one, two, or more identified contours (see Fig. 100); 
j c) Measuring the distances from two or more identified points located near by; 

phe point will then be located at the intersection of the radials, read from the 
jstaff and laid off to scale on the photomap with compasses (see Fig. 101); 

j d) Intersecting with two or more identified contours at a determined point 
|(see Fig. 102); 


irvey points; 
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c) Rererse- intersectini^ from geodetic control or identified contours with pre- 
diminery orientation of the photomap; 

of the nethoda used in plane-table surveying, or a coad>ination of thea. 

j 

fA frecpiently used nethod of locating points is by reverse intersection with orienta- 

I 

jtion of the plotting board by neans of sketched- in bearings. For exaaple, assusie 

Jthat a traverse is run along a boundary viiich is poor in contours (swaap, tundra, 

! 

^eadow, etc. ). Fron the last positively identified contour point, a bearing is taken 
jto a transition point not identified on tlie photonap. On this transition point, the 
jialting point of the plotting table is oriented by a line drawn to this point from 
the preceding point, and the point itself is reverse- intersected with surrounding 
geodetic or cx>ntour points. 

I In orienting the photOBi<q>, besides using control points, use proainent distant 
^ntour points and identify thea carefully. 

{ With reject to elevation, transitional survey points are obtained: 

I *) Priaarily, by running survey elevation traverses through a point (through 

|the leveling staff). Vertical angles are aeasured twice in each direction, on two 
different points of the staff. Survey elevation traverses are run between elevation 
^ntrol points ( triangul ation points, bench marks, points on basic elevation trav- 


erses) and tied in. Traverses consisting of no more than two points, not counting 
jthe starting point, do not have to be tied in. 

j In some cases, it may t>e preferable to mark the terrain position of transi- 

tional points for further use by driving a stake and capping it, blazing a tree, or 
bther method; 

I 

I b) as isolated points - by sightings on two or three . points, whose distances 
tre taken from the photomcqp. 

I Elevations of the tied- in transitional points should be entered in the record 

^d also marked on the elevation tracing. Numbering of all points on the elevation 
bracing, in the record, and in the catalog should be the same, to avoid error. In 
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I If 

S 


.ddition. it is sdTisabie to n,mb^r .11 b— i- - 

““»»=y •■rusitional points with 
serial nunbers. starting with “one". This •. 

'' -i. .. . -ethod of nuabering precludes the possi- 

bility of siring the .a.e nunber to t«, points. 

^ ^rTeyia^ Relief 

jU- .... „.... ^ 



Fig. 105 - Sighting on Contours of Che Terrain 


I s election of points without using the leveling staff. To do this, the vertical 
»g e IS n^asured by sighting the horiiontal stadia wires of the telescope of the 
,^id.de on the base (ground) of the appropriate contour (identification point, 

, 1 e the corresponding oistance is tahen fron. the photonap (Fig. 105). This If 

course does not nean that leveling staff sightings are neven tahen. .i„ce the re- 

,i.ei always contains sections without identifying contour points, whose elevation 
i and location .ust be detemined by rod reading. r . 

I y readings. Contour points should be used as 

|n.uch as possible to obtain elevation referen.-- t 

i„„ c t ‘•cfcrence narhs. corresponding to their number 

jon the photoMap. 


1 
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It is kno-„ that, in ordinary plm.e-t.bie surreying, sighting, are taken at the 
Iheight of the instmeent to .i.„li£y conpnting the height of the .takes; .d.en taking 
ibearings on contours, the stadia hair is sighted on the ground. This .em.s that, in 
the Intter ce. the height of the in.trus^nt -u.t be taken into consideration. 

The technical nethods of -curing angle, re-ain the ...e a. for plm,e-t.ble 
•«rrey, i.e., rertic.l «.gles on the stakes are -easured Wth the rertical circle in 
jone posxtion. haring the value of the null setting close to or e.,u.l to zero. 
p«hting. on stake, are not entered in the record, except for observation, along the 
Jehore. of bodies of ..ter (unless previously sighted fro- control points), .hich -re 
circle in two positions. 

I Elevations of typical terrain features are recorded both on the photo-ap m.d on 
jthe elevation tracing. Stake points are usually selected on typical terrain fea- 
►ures. i.e.. at discontinuities along ..ter divides and ..ter-course lines (peak. 
^.»es. rxdges. bottons of hollows, ravines, anticlines, point, where the slope of a 
Mil changes, and shores of bodies of water, etc.). 

I Stations, fro- which the terrain is studied and heights of the stakes taken 

Ishould be so selected that the relief can he seen clearly xn all directions both 

jf-rxzontally and in depth, i.e.. in such a way that the configuration of the terrain 
presents itself «ost clearly to the eye. 

I It is natural that <p.estio„s as to the „u-ber of transition points and stakes 

i-sd thexr location cm.not be answered in a sufficiently general way to cover all 
Urtuatxons -et in practical work. Pri-arily. these will depend on the scale of the 
bap and secondly, on the nu-ber of elevation readings taken. 

j However, correct positioning of elevation stake, is as i.,K.rtant as the nu-ber 
lof stakes; they should characterize the configuration of the relief, as far as its 
keneral character and individual details are concerned. Correct positioning of the 

elevatxon stj^es. will considerably facilitate correct interpolation of horizontals 
aad plotting of the relief. 


195 
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Flotting the forns of relief on the photonap is easier than in plane- t;able sui 
iTeying since the topogr^her has before hi. the base (skeleton) lines of relief, 
ji.e., lines of water coaraes. edges of rarines. gullies. In plane-table surweying, 
I the base lines of relief sre also plotted but in a «>re sche.atic, less objective 
I Banner than is acconplished by photography. 

I Having the base lines of relief available greatly sisvlifies and facilitates 

the task of positioning transition points and elevation stakes. For exaag>le. on a 




HC3RI20NTAL DRAWN F-r, 5 M 

Scait 





I 

j Fxg. 10 6 - Pep resents t ion of the horizontal Relief of 

^ Terrain, as Siown on an Aerial Photograph 

I 

jphotoaap or aerial photograph, edges of ravines «.d gullies are shown in detail, 
[difficult to attain in plane-table surveying without a large nunber of stake points 
j Figure 106 shows part of the contour line. fro. a topographic .ap at a scale 

j 1:25,000 and the corresponding aerial photograph. Ravines and water courses in 
I hollows are clearly visible on the photogr<y>h. 

Eiperience has shown that the characteristics of a photoeap pennit a reduction 
in the nu.ber of elevation stake, by at least half, as con^-red to plane-table sur- 
veying, which considerably speeds up the work. 
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Experience has also shona, that in surveying relief in general, on a photo- 

■ap in particular, several general principles should be observed: 

L Plotting of relief should be done for an entire aassif rather than for snail 
! sectors, since, in the analysis of the section photographed, the aggregate of the 
I contour lines continuously extended over a stretch of terrain helps in the interpre- 
jtation of the general nature of the relief and of individual parts. 

Before starting to plot the relief, the terrain should be studied closely in 
jthe field. This can be done sinultaneously with running basic elevation traverses. 



I Fig. 107 - Schematic Diagram of a Stereoscope 

j 

j Moreover, by using a set of contact prints and a simple collapsible mirror stereo- 
{ scope (stereoscopes L- 3 or D- ■?; see Sec. 70), the entire area can be viewed, espe- 
Icially Its concealed parts (woods, undergrowth, etc.). For exaaple, if there are 
j large forests on the surveyed section, it is preferable to plot first the open 
I areas around the woods, which -akes it possible to analyze the general nature of 
Ithe relief and makes it easier to plot the relief in the forest. Swampy spots 
j which extend for a considerable distance and are impassable in early suner. nay be 
j explored in late sumaier or after the first frosts of autumn. Proper study of local 
I conditions helps in efficient planning of the sequence of operations. 

I 2. Although the numd>er of transition points, as noted above, depends on the 

I scale of the map, on the ground relief, density of trees, and other factors, an in- 
crease in number of transition points at the expense of a decrease in stake points 
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^eeds up the plotting of relief and inproTes its quality. 

It is poor practice to fix on distant stakes and «. 

/, ntajces ana extend the contours to places 

^ Che Cerrein o«u»c be eeen cleerly. «.ch cee. ic i. prefereble Co Cehe 

_!«. exc. cr^eicion poinc. co .ee che .„„eyed relief «.re cleerly. 

J I- open pl.ee. .ich co.pl.* .icrorelief. che relief c«. be plocced fro. .Cehe 

jpoxnts. To do this, the instrunent is set orer a stake, the photoplan is oriented 

Ipoint (stake) as a guide. 

I 3. A. . rule. conCours .re dree, on che phoco-ep in che field; phoCo*r.phic 

>locc*n« of concour. in che drefein* roo. necordin* Co .Ceke re.din*. cnhen in che 
fxeld i. per.i..ible only if . .cereo«»pe is „.ed «.d che ploCCed relief i. l.cer 

Ueched *n che field. -n.. ...Her che scele of Che «p. che «.re use h.. co he ..de 
pf the stereoscope. 

I 1. 

u.. ....hi., ^ 

o. ... „„„„ 

... ... .. 

f,,. ....... „ 

........ .. ... ..i., ... ........ ... ... ... 

hhotomap for orientation. 

I. phocogrnphs are see up m the stereoscope as shown in fig. 107, which 

lin n schemstxc dxagr«. of the positions of the two aerial photographs forming the 
pereo parr, for viewing with che stereoscope. The 1 denotes the left photograph 
pd Che letter r. the right photograph; O^CyD^K, m.d OCm are che paths of che cen- 
tral rnys trsvelxng fro. che left and right photographs to the eyes of the observer 
pe eyes of the observer are at K m.d Kj. Mirrors are located at points Cj. C 

pd a ^e serial photographs are sec up so Chat their mutual end lap is tow.r: t^e 
' e left photograph is seen by the left eye m.d the right photo- 
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graph, by the right eye; the photographs should be rotated in their planes until 
their initial radials lie on the straight line AB; they then should be noved along 
this line until a stereo inage of the terrain can be seen without strain. 

IKile Tiewing stereo a»dels, the so-called pseudoscopic effect nay take place, 
in which It will seen that slopes of the terrain seen through the stereoscope do not 
correspond to reality but will seen turned in the .^posite direction. For exsnple. 
It nay seen that riwers are flowing uphill, and that the height of the stakes does 
not correspond to their location. This effect nust be corrected by turning the pho- 
jto^raplis in tkeir own plane. 

4. Since the differentiation of relief proceeds fron botton to top, along the 
lines of water courses, each ig>per contour line will, as a rule, reflect to sone ex- 
tent the curvature of those below. then sketching the relief fro. botton to top, 
i.e.. from transition points located lower and closer to water courses, we smst re- 
kenber that fron below and to the side, relief is seen nore clearly than fron above, 
jwhere the landscape seens flatter and declivities seen rounded. On the other hand, 
jwhen plotting fron the top downward, the relief can be seen for greater distances 


jthan fron below. These factors should be kept in nind when locating transition 




/ C 
/ - 

/ f 


I 5. In surveying wooded areas where several ravines and hollows are poorly vis- 

ible on the photonap, and in other cases in which the base lines of the relief are 
act clearly visible, these lines should first be roughed in on the photonap, using 
st.ereoscope. 

I 6. The character and fom of contour plottings should correspond to the actual 
(foms of the relief of the earth’s surface. In nost cases, the contour, are 
[sketched in flowing, rounded lines, correi„onding to the unvaried, ««>oth fom. of 


i .1*^' ''*^**^ “‘‘arp, jagged foms, characteristic of nountaiuou. 


regions, nay be encountered, in which case the contours should show up in the ricetch 


las pointed, angular lines. 
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7. Contours of additional intersection (half-contour lines) should be used gen- 
erounl, to depict such terrain features as rina of terrace. «.d cone, of washouts, 
j-nd to eaphaaise inport«.t relief elea^nts that do not st«,d out in scale: sink 


c ^ 


..J 


i 


1 '/. I 



i;- ! 

i 

. J 
I 



Fig. 10 8 - Saddle 


Fig. 10 9 - Bend of a Slope 


jholes, luidslides. and other designated eleaients. If these special relief features 
jc«. be sho«. by ne«.s of the basic contours, there is no neeu for using additional 
jcontours. since they nay cro«l the nap and nake it difficult to study the relief and 


jcontours. 

t 



I Fig. 110 - Curre of a DecliTity and Hollow 

I Practical experience has established sereral rules for drawing additional con 

J tours which nay be summarized as follows (Bibl.20): 

j a) In sketching suandts and saddles additional contours must be run on both 

I sides of the summits or saddles, so-called hey contours (Fig. 108): 

I b) The additional contour characterising the curre of a slope should not be 
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^ filled 11, until the slope becoMs unifoni 109 ); 

' ^ “• • .—y i».ld „ 

f I ®“* -lopes and should intersect the line of the ..tee 

^ Ibresl. i el. “ course; «, unsya^etrical 

contour can only anoear 4 f p*. 

‘ i. oppoor If the opposing slope, h.re different fonss- 

,4ti.ona; 

' C rT',*!' "• “ — 

.the relief of the botton of the hollo. (Fig. HO). 

iid. y!u.Vt “* 

‘ r 71 . ■»* -y 

L'J ■ ““ •« >■» ~li.d d.~ydd.d 

« i. i. dypoyii,., .. ^ 

^ - .y y.u., 

1 71 . 1 ^ ■ T “• “• — 

““ •“ „d u,. 

fscale of the map shows up all relief* 

* up axi relief features. The smaller the seal*- 

d^ scale ol survey, the 

-ore inportant .ill plotting becone. 

K».i.d.. ... ..... 

Liu.'"'7”'i"'" “• 

u. ...... ,y .. ..a 

jy.. .... ....... ^ 

I 

■ This can be denonstrated on an example: 

Lre at T 1:25,000. .hose contours 

k - t j •"*« curtilinesr rounded contours 

^—....d .y ... d.,... ..... ... 
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-1 Pi*«re 112 .ho., the .»e d^re..ion. with their fom .lightly clumged «>d the 
jcontour. di.pl.ced hy 0.2-0. 5 - .long the ri.. of the hollo.. „d the .l<^e. between 
jAlong the rin. (by the ri- i. -e«.t the line of tr«..ition of the .lope to the «11 
of r„ine. hollo., or ,ai«y. rtere . .h.rp ch«.ge i. notice J,le), the contour, were 
_ brought clo.er together, the tr«.ition fro- the .lope to the -ll. of the hollo. 
_... ..de -ore «.gul.r, «>d the curyiline.r for- of the contour, .hoeing the .lope. 
qbet«en the hollo.. .treighter. After correction, the relief look, quite 


A 





Fig. Ill - “Smoothed- Out 


Fig. 112 - A Truer Bendition 
o£ the same Relief 


jdifferent: the rins of the hollo, c-, be .ee„. The relief doe. not look “—.othed 
out.” since the straightened contours, in combination with the lines of the ri-s of 
the hollo., gire the impression of hollo., that cut sharply into the slopes i.e., 
they reflect the morphological nature of the landscape more accurately. 

The above exas^le shows that geomorphological features, .hen depicted on a map. 
jean always be confirmed topographically. 

I 

Relief on Aerial Ph otogr-.h. and Aerial kbs.ie 

j 

I All of the above state-ent. as to sketching relief on photomaps also apply to 

jaerial photographs, since identification of relief on photograph, b.sic.lly proceeds 
|in the s-ae order -id by the s-ne method, a. on a photon,,,. The difference lie. in 



J 
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the feet that, inatead of aoricing on an entire aheet such aa a photoaap, the norli « 
.x» done on indiridual photographa. each of nhich ha. a different, non.t«.d.rd «:.le 
^ -hich is inconrenient to nae (e.g.. 1:15,650 or 1:24,700). Theae fact. «,«.,hat con- 
t proceaa, but plotting relief on aerial photograph. ( on con- 

Jtact print, or enlargement.) ha. the adr«,tage orer plotting on photoeeap. i„ that it 
_jcan be done a. «M.n after the flight a. the photograph. c«. be developed. There are 
jce. in which .nch a procedure, which reduce, the tine .pent on field work, i. «ec- 

If there are geodetic control point, on the section photographed, densification 
Jof the elevation control network i. possible by enp«.ding the geonetric grid. Pbint. 
jdetemined in this nanner are identified on the aerial photograph. «.d used to «.r- 
jvey the relief. If the coordinate, of the plan control net are not giwen, the ele- 

“ on the photonap. by running basic elevation tr.v- 
lersea. In the latter case, the traverse should preferably be run through the leiddle 

pf the flight strip. 

! 

I Two set. of photograph, are needed in surveying relief, one printed on nat 
paper for surveying relief and interpretation, the other printed on glossy paper for 
t>lan tying- in of the aerial photographs. 

i In surveying relief, rather than the entire photograph only the «rking part is 

|.ed. delineated by lines passing through the center between end and side lap of the 
Photograph and the flight strrps. Fig. 113 shows a group of srx photographs fro- t«, 
^jacent flight strips with «> end lap of 60* and a side lap of 40*. 

I The lines passing through the centers of overlap are .ho«. as broken lines. 

^M.iln the hatched are. A. B. C. D of photograph No. 337. is the part which will have 
jtlic relief drawn in. 

I Ibe boundaries of the working are. are either -arked off on the rough -osaic by 

jliaing a plot on which the center lines of the overlaps .re traced, or else these 
[line, are sketched directly on the photographs. In practice, the bonnd.rie. of the 



i 

203 
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go 
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5,1;’”'"*'^"* ““twined by deteraining the points A, B, C, D from nearby contours 

Jand interconnecting tbe«. points by strnight lines. The edges of the irking .res 
are narked with Indie ink. 

C of the tr.pe«,id to also transferred to the photographs fro. the 

^ _ rough noseic. 

‘ » «=«»^iox object (a rarine, a popu- 

14 I^‘*'*‘* *”''‘**' *•* i“t«'^rupted and .ade to 


*R.iaHT sntip 1 



I FCIChT strip 3 . —.ISaJ 

I — I i 

! 

j Fig. 113 - Working Area of the Photograph 

I go around the object, so that the entire object can be shown in one photograph. 

I Since the scales of untranafonaed photographs rary, the scale should be dete 

|«ned indiTidually for each photograph or eren for each part of a photograph. 

I The scale of an aerial photograph c«. be detemined fro. the equation: 

I 

I 1 : m = d : D 

I 

I -here . denotes the nu-erical scale denoninator. d the distance bet-een contour 
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points measured on the photoeraoh and n 

pnoto8ri,>h. and D tha correaponding di.tance -eaaurcd on the 

terrain. 

If the acale x. conpnted for the entire photograph, it ahonfd be calculated 
Jtexce along -utually perpendicular (.pproni..tely) linea paa.ing through the central 


ipnrt of the photograph. The contour point, of the ends of the.e lines .hould be 

sywhetrical (approximately) with 
reject to the center of the pho 
t;ograph (Pig. 114). 


9' 




P«IWT 


115 - Proportional 
Dividers 


, Instances on photographs can be measured in the drafting room by using an ac- 

I curate ruler or sUding calxpers. xn the fxeld. they can he measured with beam com- 

i n ru 


' — — WA bu oean 

r „ ... ............. ^ 

.. ... i........;.., 

led. or from measurements with surveying rods. 

i a. dividing the distances measured on the photograph by distance, measured on 

iche terrain (both distances must be expressed in the same units,, the numerical 
! .cale of the aerial photograph is obtained. Since the measurements are made tmice 

! in twn ri-i v>Arv«- t . 


I tn tmo directions, me obtain teo values, the average of mhich mill be the mean 
hcale of the aerial photograph. In most cases, the scales obtained mxll not be 
suxtable for practical use (e.g., 216 m to 1 cm). 
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For laying off or detenaining distances from aerial photographs, proportional 
idmdera (Fig. 115) can be uBcd, which are easily adjusted so that one end opening 
_|wi.ll correspond to the scale of the map and the other to the scale of the aerial pho- 
i togrsph. 

-I 

. j Howewer, use of proportional dividers is inconvenient since two operations arc 

jinvolved: taking distances from a transverse scale with one end, and laying them off 
jwxth the other end on the photograph, necessitating constant reversal of the divid- 
Jers. a procedure that slows down the work and distracts the attention. Therefore, 
jit is preferable to use specially designed interpolating scales, computed for vary- 
ing pxtch of scale change. Such scales may be conveniently arranged in the sh^e of 
a wedge, two sides of which form the legs of a right triangle, on which distances 
and their scales arc laid off. 

Figure 116 shows a wedge scale with three distances laid off on it: 

I - At the scale 1:20,000 
II - At the scale 1:19,000 
III - At the scale 1:21,000 

Such a scale can be used not only for determining and laying off distances, but 
jalso for determining the scale of an aerial photograph. The scale should be made of 
pardboard. celluloid, aluminum, or other material of low deformation and long serv- 
jice life. 

I 

j Work on aerial mosaics does not differ greatly from work on aerial photographs, 

pith the basic difference consisting in the fact that the aerial mosaic represents 
^ assembly of aerial photographs. In working with aerial mosaics, measuring radi- 
jals across cuts of the mosaic should be awoided. If the mosaic is laid separately 
jfor each flight strip, the working areas determined from the zones of end overlap 
pre marked off, as is done in the case of aerial photographs. 

I When working with an aerial mosaic, it should be mounted on a plotting board, 
jfor work with aerial photographs, it is preferable to use a small plotting board or, 
jif a large board must be used, to substitute a light plywood board of smaller dimen- 

i 
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i SI. OHS lor the regular board. 

' photomaps, aerial photogm^hs, and aerial arosa^cs is ci^ne in 

jfour colors: contours, in black; relief, in red or brosn; water- filled ditches, in 
jlSreen; and swamps or marshes, in blue. Particular attention should be paTd to m^ing 




O y) WO ^ WSO ^ SOO XO ^O asp SOO SSOdOOOSOWOTSOOOCSSOmOSO jooo 

Fig. 116 - Ifedge Scale 

-i 

jthe contours and relief sharp and clear. Buies and methods for field assembly are 
jgiwen in instruction booklets. 

] After completion of the work, the following data are submitted: for surveying 

jwith a photomap - the photomap, field notebooks, data on boundaries, elevation trac- 

i 

jings, and technical notes; for surveying with aerial photographs - aerial photo- 

] 

graphs, field notebooks, diagrams of working areas sketched, and technical notes. 

68. Revising Obsolete Maps 

I Working methods and measurement techniques in revising obsolete maps are basi- 

Ically the same as for making a survey. Organization of the work may be different, 
depending on the number of corrections and the nature of the terrain. Revision of 
obsolete maps involves corrections for contours and relief. Since the relief of an 
area changes very little in time, compared with the contours, revision and correc- 
tion of obsolete maps primarily concerns the contours. Correction of relief may be 
doAo incidentally, particularly in cases where it was incoaplete or incorrect in the 
previous survey. 
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Be^islon of old naps by the aerophotosurreying consists basically of the follow- 
jing processes: the aerophotosurvey itself, collection of cartographic data and in- 
ifomation on changes, interpretation and oonparison of the aerial photogri^hs with 

I 

■«P» transfer of the changes from the aerial photographic materials to the nap, 
^and conpilation of the Bug>. 

I Aerophotosurveying. For revision of obsolete miq>s, the survey is carried out 

_in the saaie way and with the sane overlap of the photographs as for ordinary aerial 
surveying. The scale of the photographic survey is established to correspond with 
the scale of the map being revised. In selecting the scale, it should be reaeadbered 
that an aerophotosurveying scale close to 1:25,000 is most convenient for interpre- 
tation. If the scale is further reduced, some details will no longer show up on the 
photographs. Ihen aerial geodetic enterprises revise a topographic map of scale 
1: 50,000, they gisneraiLy use an aerophotosurveying scale close to 1:25,000. 

Collection of Cartographic Data and Information on Changes. The most conven- 
jLent procedure is chosen on the basis of the available information and cartographic 
Materials. Therefore, when the map of a given region is to be revised, all available 
partographic- geodetic material is collected, carefully studied, and evaluated Eval- 

i . . . 

|iat].on consists in comparing old coordinates, elevations, and topographic plans with 
hew ones. As a rule, selective conparison will help in reaching conclusions as to 
the best method of using old cartographic -geodetic data when revising the map of a 
^iven region. 

I Information needed for revising maps may be found in both ccmtral and regional 

|.nsti tutions. These offices, should have exhaustive information on populated cen- 
ters, their names, industrial enterprises, farms, roads and their conditions, etc. 
jGomparison of this information with the map and aerial photographs will establish 
Ithe accuracy of the information. 

I Interpreting and Comparing Aerial Photographs with a Map. In interpreting 

laerial photographs and comparing them with a nap. a stereoscope is used. In revis- 
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brown or black copies of tJhe original on which the points requiring revi- 

sion are marked, are usually preferred. From the coi«>arison, a plan for studying 
_ i the m^p is laid out, i.e. , the points to be interpreted in the drafting room and the 
J points rec^iring field interpretation are noted. Ihen using data from aerophotosur- 
Jveying to revise a map, field work should be kept to a minimcm. 

j Important changes or new features (populated points, railroads, highways, in- 

_|dustrial enterprises, and farms) should be studied in the field, while changes in 
, jsmall or unimportant objects (aMtll settlements not located on railways or highways, 
roads, field roads, forest contours, etc. ) can be plotted in the drafting room, 

I without field study. 

i 

i Transferring Chanties from Aerial Photographic Material to the Map. In trans- 

_|ferring changes from the aerophotosurveying material to the map, the following pro- 
jcedures may be re<piired: 1) transfer of the changes from the photomap and 2) trans- 
jfer of the changes from the aerial photogrcq>h to the map. 

i 1. In regions where all of the interpretation is done in the field, photomaps 

bay be used and corrections made from them. In making the photomap. positively 
{identified contours from the old map can be used as control points. Photomaps are 
prepared for the entire trapezoid of the original to be corrected, or for part of 
jit. In the latter case, the part of the photomap is mounted on the corresponding 
part of the original. (Contours are drawn on the photomap from the interpreted aeri- 
jal photographs, while the horizontals are transferred from the original. 


If necessary, the relief can be corrected directly from the photomap in the 


[field, or plotted in the drafting room from 


j ~ aerial photographs, using a stereoscope 

ior a topographic stereometer. The elevation points needed for sketching the relief 


icim be taken from the old map. 


j 2. Transfer of changes from aerial photographs to the map may be effected in i 

pf the following ways: 

j a) by using proportional dividers, or compasses in combination with a wedge 
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b) by graphic-nechanicai neans, using a pantograph; 

c) by optico-Biechanicai means, using a transforming printer, projector, or 
MiltipXex. 

! 

Either one of these methods may be used, depending on individual conditions, 
jif the aork is done in the field, transferring must be done with an ordinary compass 
jor with a proportional dividers. In the drafting room, this can be done by one of 
I the means indicated under b) or c). 

I W&en using the transfonaing printer, it is convenient to print the transformed 

{negative on special transparent film with a dull backing. If this film is superim> 
posed on the original, the impression will be that of a photographic image on the 
film as well as an image of contours and relief on the original. By matching the 
transformed aerial photograph with the general contours of the map, the changed con- 
tours can be transferred from the aerial photograph to the original by tracing or 
k>ther means. 

Finishing the haps. After the original is revised by one means or another, a 
blueprint is made and finished with the appropriate conventional symbols. 
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I CHAPTER VIII 

I STEREOPHOTOGRAMMETRIC RELIEF PLOTTING WITH THE STEREOSCOPE 

i 

; 69. Monocular and Stereoscopic Vision 

I All photofpranDet.ric plana are l>ased on the idenl:i£ication o£ coordinates o£ 

I photo^aph points; the accuracy o£ this identi£ication determines the accuracy o£ 

I the map. The accuracy with which these coordinates are de£ined, in turn, depends 
I on the accuracy of the measureatents made , 

I S 4 »hich is controlled by the conditions un- 

I ^ dier which the eye o£ the observer £unc- 

j ML — a The human eye (FiR-ll?) has the 

I — 7 shape of a nearly per£ect sphere with a 

I radius of about 12 mm; its outer surface 

I consists of three coats. The outermost 

j Fig. 117 - Arrangement of the coat of the eye is the sclera 1 whose 

Eyeball 


j anterior portion is transparent and is 

j called the cornea 2. Underneath the sclera is the choroid 3 which terminates in the 
j opaque iris 4. The front of the iris has a central perforation 5 which is able to 
I change its diameter and is called the pupil of the eye. It serves as a diaphragm, 
j controlling the amount of light that enters the eye. The third internal coat is the 
I retina 6 which is composed of numerous photosensitive elements (rods and cones) of 
j a diameter of 3-6 /i, which transmit a stimulus through the nervous system to the 
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brain of the observer*. The spot 7 where the optic nerve enters the retins is csU- 
ed the blind spot, since it has no rods or cones and thus cannot react to an optical 
stiaulus. In the center of the retina, facing the pupil, there is the .ecala lo- 
^ tea 8. about 2 a. in dia.«ter, which is smre sensitive to light than the rest of 
I the retina. The center of the yellow spot is concave (0.4 .. disaster) and consists 
; of a few cooes. In the front center of the eye, beyond the pupil, is the crystal- 
I line lens 9 which has the for- of a double-convex lens. The space between the lens 
I and the cornea is filled by the aqueous hu-or, while the space between the lens and 

the retina is filled by the vitreous humor. The index of refraction of both hi»ors 
i is about the same. 

: Thus the eye can be considered an optical system which, by -eans of the crys- 

! talline lens, throws a real inverted image of an object on the surface of the reti- 
{ na. Since different objects lie at variable distances fro- the eye, the crystal- 
j line lens, to obtain a sharp i-age on the retina, changes its curvature with the aid 
I of the ocular muscle. This property of the eye is called accommodation. However. 

I if the dias-ter of the circle of diffusion does not exceed the diameter of the pho- 
jtosensitive element of the retina (3-6 /.) . then the eye does not change its acco— 
|modation. Therefore, under normal illumination, when the pupil diameter is equal 
I to 4-5 mm. and the focal length of the eye is 15 mm. optical infinity of the eye 
I begins at 10-12 m; and increasing this distance does not change the accommodation, 
j If the distance betseen the eye and an object increases then the image thrown on the 
I retina will decrease in size; however to compensate for this, the accosmodation 
normal, corresponding to infinite distance. 

i 

i Usinf^ these facts as basis, the optimum distance of vision is taken as 250 mm, 

I at which distance the image on the retina is rather sharp, while accommodation is 
; performed without particular effort. At distances of less than 250 am. from the eye. 


M * micron: a unit of len^h equal to 0.001 
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the curyature of the crystalline lens ha. to ander*o abrupt changes, thus inducing 
extre« eye fatigue. Both uonocular (uith one eye) and binocular (with two eyes) 
observation is used in uahing photograuaetric uea.ureuents . Monocular observation 
. allow, approxi^te judgeuent as to the spatial poaition of objects, but a. . rule is 
I used only to estisute their plane poeition. The accuracy of monocular observation 
j depends to . considerable extent on the resolving power of the eye. i.e., on the 
I smallest angle at which the eye of the obeerver is still able to perceive two point, 
j sep-rately. The resolving power of the eye depend, on the size of the photosensi- 
1 tive element, on the type of objects being observed, and on the conditions of obser- 
vation. Its average value is taken as 40". Poor illumination of the observed ob- 
ject, eye fatigue, color of the object, and other factors may markedly reduce the 
resolving power of the eye and thereby lower the accuracy of measurement. 

Binocular and. in particular, stereoscopic observation is used much more ex- 
jtensxvely. This means binocular observation which allows perception, with suffi- 
|cient accuracy, of the depth of the observed objects. In stereoscopic observation. 
,the visual axes of both eyes (the lines joining the center of the crystalline lens 
with the central depression of the macula lutea) intersect at the observed point. 

The angle of intersection > of these axes (Fig.llb). subtended by the eye base b 


j(the distance between the centers of the observer's eyes) at the observed object, 
jrs termed the angle of convergence or angular parallax. A change in distance be- 
Jtween the observer and the object results in a change in angular parallax, and like- 
j-ise in the accommodation of the eye, so that, as indicated above, these two quanti- 
I ties are to a certain extent interrelated. 

j Tbe relationship between the angular parallax and the distance is determined by 

jsolving the right triangles and SjAA^, from which it follows that 


< 


tan y* 


AA. 


tan y' 




AA 


SjA^ ♦ S«A 




SyS 


1*^2 


b , y ' ♦ y^* 
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Since the angles y' and “y" arc small, we may put tan y* * tan y” tan y, so 


‘ ^ ' I «8> 

where Z denotes the distance or, in other words, the length of the perpendicular 







Fig. 118 - Angular Parall; 


Fig- 119 - Enlargement of the 
Eye Base by Using i 
Stereoscope 


; dropped from the observed point to the vertical plane containing the eye base. Tl 
I change AZ leads to the change Ay, defined by the expression 


tan (y Ay) = 


Z ♦ AZ 1 


tan y ^ tan Ay 
- tan y tan Ay 


Whence 


Z * AZ - »> - b y tan Ay ^ 

tan y + tan Ay 


Therefore , 


AZ * b - b tan y tan Ay 
tan y + tan Ay 


b ^ b tan Ay ( 1 ♦ tan^y) 
tan y tan y (tan y ♦ tan Ay) 
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At •nil angular parallax and minor changes in these angles, the term tanV in 
the denoainator may be neglected, as well as the term tan in the nuaerator. If 
we also note that tan y « b:Z, we nay write 


K 
iy 
) . 
JC 

7' 


AZ ^5; 


tan Ay 


(29) 


I A change in angular paralluc is perceired by the obserrer with an accuracy that 

I assures a reliable determination of a change in distance. The smallest change in 
I angular parallax that can be perceived by an observer is termed the resolving power 
of stereoscopic vision and is on the average taken to be 20”. 

The resolving power of stereoscopic vision is affected by the brightness of 
objects, their form and dimensions, the contrast between objects, and by eye fatigue 


that the conditions of observation greatly affect the accuracy of determination 


( 


/ ( 
/ 


j of distance differences. To increase the accuracy of depth perception of objects, 

I auxiliary optical systems are used. In this case, the accuracy of perception in- 
I creases with enlargenent of the eye base, and with the use of an observation system 
jwith an angular magnification greater than unity. Thus. e.g. , the use of a binocu- 
jlar with 6 X magnification results in an increase in the resolving power of stereo- 
jscopic vision to 3 - 4" and, consequently, to reduce the error in determination of 
I the distance difference. The eye base is lengthened, for example, by using a ste- 
jreoscope (Fig. 119), consisting of four mirrors arranged in two parallel pairs. The 
j observation of objects through such a stereoscope increases the angular parallax 
jand, consequently, the accuracy of determination of the distance difference, 
j In practice, the visual <d>servation of objects by instruments is used in ste- 

jreoscopic range finders, in which the eye base of the observer is lengthed and a 
j special magnifying viewer is provided. Omervations with a stereoscopic range find- 
er allow highly accurate distance determination for objects located in enemy terri- 


! tory. 
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gtereoscopic Observ ations of Pferapectire laages 

Stereccopic produce. - polycouic projection of the ob.erTed object on 

: the retin. , cre.te. a three-diuen.ioo.1 i«ge of it. If, therefore, precisely 

the iuege. ere produced on both retin.., the obeerrer -ill .ee the object in 

i -pace. Thx. effect can be produced if per.pectire iiges of the object are placed 
, before the obaerver'. eyes in auch a -ay that each eye ha. it. o,n corresponding 
I perspectire i..*e. In aerial photography, the aerial photograph, actually are such 
, i-ga. if the left aerial photograph i. placed before the left eye of the obserrer 
I and the right ia-ge before the right eye. In that case, the are. of terrain photo- 
I graphed on t-o adjacent photograph, -ill be perceired stereoscopic. lly by the ob- 
(serrer, i.e.. the obser-er -ill .ee the spatial arr.ngeeent of the gi,en area. 

I Actually, rf the left eye of the obserrer tie-, the left photograpiV, containing the 
;i«ge. .jci of any point, of the terrain A, C (Fig. 120), -hile the retina of the 
right eye receire. the i.«ge of the corresponding points sjCj of the right aerial 
photograph, then the observer -ill see the point. A and C in space just as though 
they -ere before hi» i„ reality, i.e., point A -ill appear farther a-ay froa. the 

observer than point C. Such a perception of an object is terned the direct stereo- 
scopic effect. 



Fig . 120 - Direct St 
Effect 



ereoscopic 


Fig. 121 - Reverse Stereoscopic 
Effect 


If. ho-ever, the photographs are interchanged (Fig. 121), i.e., the right-hand 
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, p..... .ill b. .„. ,, 

j -.11 b. „„^ „„,j. 

, Other. 

....! 

; If .K. ..ri.l ,b.bo,r..h, „, ,„. 

eyes wxll be parallel to each other, so that the observed object will appear at an 
- .«.te drstaace. i„ which case all points of the object will seew to be located 
j tn a stifle plaae. This is co.»oaly interpreted to wean that the observation takes 
j P ace „«ler a nail stereoscopic effect. Obtaining a reverse or null stereoscopic 
,e feet ts possible only through use of perspective i^ges. since the stereoscopic 
j« feet rs always direct when real objects are observed with the naked eye 
; l^rception of the spatial position of photographed objects with the naked eye 


I i '• : ; \ /: ; 
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I F»8-122 - Construction of the Stereoscopic Model 

!i. -d. d.f„..u b. .K. .b.b ...b .bl. .. 

' '° l *“■ >— P«i~ i. c~..id.„bl, b, ,b. 




Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R00090Q010007-0 





Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81 -01 043R00090001 0007-0 


r ' 


of .t.reo.cope. of four -irror. .rr.uged in pur.Uel group, of two. By 

i Placing .eri.l photogr.ph. (or .„y other per.pectire i-ge.) under the extern.1 cir 
I dee of the in.tr-ent .nd directing the viauel nxi, of the eye. to the intern.1 
I -irror.. the obnerrer readily obtain. . three-di.en.ion.1 repre.ent.tion of the pho- 
I tographed object., .ince the left eye cannot rie. the right-hand photograph in the 
I .tereo.cope. nor can the right eye rie. the left-hnnd photograph. Construction of . 
I three -dinens ion. 1 i«ge in the stereoscope i. shonn in Fig.122. 

I Current nodels of widely used stereoscopes are: the folding type (12), ‘ Tsik- 

I lop * , D-5, and t:lie Bashtan. 




Fxg.123 - The Folding Stereoscope 

The portable stereoscope LZ (Fig.123) consists of four mirrors 1, 1', 2, 
and 2-, between which the lenses 3 and 3' are placed, allowing aerial photographs 
to be used with a double magnification. The mirrors and lenses are mounted to the 
holder 4. which is attached to the four-leg stand 5. by which the stereoscope is 
set up on a table, above aerial photographs. In packing, the legs of the instru- 
-ents are folded toward the holder, which keep, the di.*nsions of the packing box 
small. Since the eye Uses of different observers are not uniform, varying in 
length within a range of 58 to 72 the inner mirrors of the stereoscope may be 
moved toward the outside. Despite the magnification produced by the lenses, it is 
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expedient in many cases to resM^ve them from the instrument to avoid additional er- 
rors in the stereoscopic observation, oains to the lens errors (distortion). Tben. 
the c^servation arill have to be conducted without magfnification. 

The “Taihlop ’* stereoscope desig^ned by F. V.Drc^yshev (Fi«.124) consists of a 

! single pair of mirrors arranged in front of one eye of the observer, which feature 

J 

j ***• the instrument its name. There is no optical system in front of the othei 

j eye of the observer, and he views the second photograph directly. Both mirr<»'s of 

the stereoscope are BK>unted in a sing^le 
mounting 1. connected by the stand 2 with 
the base 3. During amnufacture of the 
mounting, a fixed angle of 15* is set be- 



tween the 


mirrors, in contrast to other ste 


Fig. 124 - The tsiklop Ste: 


reoscopes. in which these mirrors are always 
parallel. Due to this angle, a vertical 
ray is viewed after reflection from the 
outer mirror, at a vertical angle of 30**, so 
that the holder for the photograph, placed 
on the base 3, deviates from the perpendic- 
ular to this ray and will be inclined by an 
angle of 30**. This arrangement permits 


j separating the prints from each other. 

I For packing, the mounting of the mirrors is removed from the stand, which in 

I turn is removed from the base; the packing box required for the stereoscope is 
I therefore small, which allows it to be housed in the field tent and used in field 
j work for the selection of control points or for sketching the relief. 

i The stereoscope D-5 designed by F. V.Drobyshev (Fig. 125) is also of the four- 

i 

1 mirror type, which has retractable lenses. The lenses have a aiagnifica tion of 2 ^ 
but a field of view of only 60 mm. When the lenses are retracted, the field of 


V 
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▼ lew coders the entire stereo pair bat without asf^nif ication. 

The stereoscope consists of a bolder to which all the four mirrors and the 
lenses are mounted. The holder is attached to the base with a swirel bracket. The 


( 


K 

5 V 
) 

} 

9 ' 

9 ' 



Fig. 125 - Stereoscope D-5 


j holder, the bracket and the base are dismountable . so that the size of the carrying 
lease becomes small. This makes the stereoscope adaptable for field use. Ihe holder 
jis easily adjusted and locked on the bracket, and the interior mirrors can be ad- 
I jus ted to the interpupillary distance. 


I The Bashtan stereoscope (Fig. 126) is intended for stereoscopic viewing of two 
jpictures of different scales, e.g., an aerial photograph and the corresponding area 
jof a photoaiap. The instrua*nt consists of the base 1, the carrier 2, and the outer 


j " forMS an an angle of 45* with the plane of the carrier. The stand 4 

jwith the inner «irror 5, two ocular apertures 6. and the lens 7 are connected with 
I the track 8, along which, when the screw is turned, the carrier 2 with the photo- 
I graph IS Boved. This displacement is parallel to the eye base of the observer, the 
I direction of which is detera.ined by the ocular aperture 6. In operation, the ob- 
i server views the photoaap with one eye through the lens 7, and the photograph on the 
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the scale of the photomap. 



Fig. 12 6 - The Basfaten Stereoscope 


/! I 


T, pbt.,„ e,„H„ 

mrror 3, is sKived with respect to the stand 4. Howerer, the difference in accoe- 
O.odatio„ of the eyes of the observer in this case will „„t allow both pictures to 
be seen with sufficient distinctness if the distance to the photograph and the 
distance to the photoa«p differ by over 30* of this distance. To eliminate this 
difference in acco™.odatio„. the lens 7 is provided, which fora, an i«.ge of the 
photo.«p at a distance e<,„al to the distance to the contact print. Any shift in 
the carrier 2 along the track .su.t thus be accoupanied by a displace«nt of the 
lens with the aid of the screw 9. ,n addition to the lens 7. a lens 10. placed 
between the two uirrors. is provided to coepensate the difference in accomodation 
In working with the Bashtan stereoscope, the observer si-„ltaneou»ly view, 
the contact print and the corresponding area of the photomp. THia area eay be 

oHt'.n t nasal w. II « 
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fro. .nother flight strip, -p* storooscopic perception i„ ,.rio». pert. 

^ , therefore, differ. The part comtituting a aahaequent photograph My give a 

^ direct atereoacopic effect; that of a preceding expoanre, a reverse atereoacopic 
^ effect; an adjacent photograph fro. another flight atrip, a noli atereoacopic effect; 

•hile the part conaiating of the a.M ,*otogr«ph .ill give no atereoacopic effect at 
-11. Hcever, thia difference in stereo perception doea not interfere .ith Ming 
■ the Bnahtan stereoscope for atereoacopic transfer of a sketched relief fro. the pho- 
; to the photomep. 

Stereoapectacles are used to aoM extent for the atereoacopic study of aerial 
photographs. These consist of t.o pairs of .irrora or prisa. in a wonting. In 
j-e, the photographs are placed on a table and viewed by the observer through these 
jatereoacopic spectacle.. A disadvantage of such an inatruaent is that it requires 
jthe head of the observer to reaain aiotionless, since even the slightest turns of the 
|hcad wilJ chani^ or cancel the stereoscopic effect. 

i 

Sj- etchins Relief on Stere o scopes. Baaed on Bench Mark. 

! The stereoscopes described in the preceding Section alio, the relief to be 
ishetched fro. aerial photographs of bench ..rks . For this purpose any stereoscope 
lean be used, which is re.K>ved fro. the packing box ami placed on the table. The 
|«aterial for sketching the relief will be contact prints if the photographed terrain 
jis hilly or .H>unt.inous, or a .K«aic ami contact prints for level terrain. Ibis 
icondation rs necessary since, on level terrain, a small area photographed on a sin- 
lAle aerial photograph doea not provide an opportunity for correctly detecting and 
jrepresenting the character of the relief, and random, partial fluctuations of the 
jrelief .ay lead to untrue concepts. Conversely, in mountainous or hilly terrain, 

^ ief is sufficiently distinct, but aaiosaic prepared from contact prints would 

j ▼cry inaccurate. 

Within the limits of each contact print the elevations of a number of bench 
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■ark» mat be knoen. The nuafcer and diapoaitioa of theae bench aarka deternioea the 
acale of the aap to be prepared and the character of the relief. Theae points are 
aelected on characteristic sites: snaaits. tap, of a slope, terraces, drainage aya- 
■ tens of rirers. channels cut by water, saddles, divides, foots of aountains, crests 
J of ravines, etc., and their elevations are deterained by field geodetic operations 
; or by photogranaetric densification of a field vertical control net. The bench 
I narks are selected on the basis of a preliainary stereoscopic study of the aerial 
I photographs of each region, with the participation of a geographer, who deteraines 


1***^^“* relief for_»tiou and the conditions under which it nay be correctly 


• represented by contour lines. 

I In workini^ with contact prints of mountainous or hilly reg^ions, these are 


'placed under the stereoscope in such a way that the lines joining the principal 




I points of both photographs are approximately parallel to the eye base of the observ- 
jer, and that the distance between the photogri'^^phs is such that optimum three- 
I dimensional perception is obtained. After arran|^in|^ the photof^aphs under the ste- 
reoscope so that their overlappinf^ parts are in contact with each other, they are 
I moved apart until stereoscopic perception is obtained. A more careful orientation 
I IS made on the base of the visual stereoscopic model of the locality and of the 
jexisting bench marks. Thus, the presence of water bodies, rivers, swamps, etc. can 
I be of substantial assistance. Such water bodies should be arranf^d on the stereo- 
I scopic model according to their known patterns of arrangement on the ground. To 
I obtain correct correspondence between the model being viewed and the actual land- 
I scape, one of the aerial photographs is rotated in its plane. 


After such orientation, the photographs are fastened by disks to the table, on 


I one of which (usually the right one) the contour lines are drawn. 

I Here the existing bench marks and visible stereoscopic relief of the terrain 


are the guiding factors. In studying the relief of the terrain under the stereo- 


scope, it is necessary to pay attention to the fact that the visible relief a lams t 
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• l-ay. appears more pro«i„ent than it is in reality. His exaggeration is directly 
proportional to the ratio between the distance fro. the obserrer ’a eye to the photo- 
«ra|*, and to the focal distance of the caanra. When an aerial ca.«ra -ith a focal 
length of 70 - is nsed, at a distance of 250 ■« fro. the eye to the photograph in 
; the stereoscope (distance of opti.™ rision), the relief seen in the stereoscope is 
, 3.5 ti«s es great on the ground. Mountain peaks -ill th«. appear to tower .K,re 
I ewer the surrounding territory, and rawines to be ■»re sharply incised. Such an 
; exaggeration of relief allows uinor rariations in it to be .H>re rapidly and easily 
, detected, and the observer quickly beccs accustoa^i to this lack of correspond- 
• ®ncc with the actual sccac . 

i 

I As already pointed out. the relief is sketched on the basis of a grid of bench 

I aurks. In riewing the stereoscopically placed photographs, the obserrer. by visual 
! interpolation between the bench narks, deternines the position of the contour lines 
^ j the section selected, using the available geographic description of the area and 
^ ; the conditions of relief for.«tion as guide. The standards established during the 

; surveying of each region are of great significance in sketching the relief, since 
I they give the basic type of relief and the methods of depicting it by contour lines. 

The relief is sketched with a soft pencil on a contact positive print, and it 
, IS only after the relief has been mapped over the whole area of the photograph that 
I the contour lines are inked in and the principal contours marked. Cn a steep slope. 

^ I not all of the contour lines need be sketched on the photographs, in view of the 
I small distance between them, but it is advisable to avoid such cases. Only indi- 
^ I vidua 1 elements (cliff, boulders) are indicated by conventional symbols, but all the 
I remaining forms of relief are expressed by contour lines. 

I The relief of level regions is sketched on uncontrolled mosaics. In this case, 

^ j the contact print is placed under the left eye of the observer, while the portion 

I of the sKmaic corresponding to it is placed under the right eye. In sketching the 
i relief, the entire mosaic, covering the area of a trapeaoid of the given scale, is 
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.tereo.copxc.lly ,ie.ed. For thi. porpoee, .11 concct priet. co-po.ing the «..ic 
.re .ucce..i,ely pieced ™.der the .tereccope. The cootect priot .«! the -oe.ic ere 
oriented, efter -hich the ob.er«r .ketche. the outline of the relief on the oceic. 
:Tl.i. .keleton relief i. tied in eith the bench -rkn end .ith the hydro*r.phic Krid 
leod outline, the princip.1 diride., r.lley., .„d dr.i«.*e .y.te« of rirer.. Cbly 
efter the .keleton relief he. been traced on .11 .re., of the «».ic i. it poe.ible 
,to proceed to it. nore detailed delineation, .ince otherui.. the principal for- of 
ithe relief -y be incorrectly -pped a. . re.ult of ninor change, uithin the li.it. 
|of a .ingle photograph. In lerel terrain, the -ork .hould be started by dreeing the 

jcontour line, delineating the drainage ayete., which nuat fir.t be entered in blue 
ink on the mosaic. 


Measuring Elerations from hliotograiAa 


Frequently, the giren nuri>er of geodetic point, of elevation is inaufficient for 





correct interpretation of the relief of a 
photographed area, specifically in cases in 
which it is difficult to establish eleva- 
tion points by geodetic means. This neces- 
sitates determination of the elevation of 
points by photogrammetric means based on 
measuring the horizontal parallax of the 
photographed points. 


Let the 


camera axis, at the time of 


I Fxg.127 . Variation in Hori- Photographing a pair of overlapping photo- 

( xontal Parallaxes 

j fpraphs, be pointed in a vertical position, 

I and let both center, of projection lie in one horizontal plane. Point A (Fig.127) 
,-hich ha. an elevation of h relative to the horizontal plane. pa..e. through the 
' poxnt C and i. located at point, a^ and a^ on the aerial photograph. Ihe i-ge of 
poaot C on the print, will be c^ and c^. If. a. the origin of coordinate, on the 
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Vi 
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1 
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i: 
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Photo«r.ph the princip.1 point i. taken .nd if the axi. lyin* on a vertical plane i. 
denoted by xx, repreaentin* the eye-ba.e axia, then the abaciaaas of point, .j, a^, 
cj, and C 2 will be x,^, x,^, x^^, and x^^. Continuing the projection of the raya 

SjA and SiA until they interaect the horixontal plane at roint. A, and A, .ill 
yield: 


0,A, 


OjAj - 0,C ♦ 0,C 


AjAj 


(30) 


-here the diatance SjSj between the center, of projection of the print, i. called 
the photographic ba.e aince all projected raya intersect the ends of this radial. 
•n» angle that the projected ray fore, with the hori.ontal plane at the aurface is 
called the angle of pamllax. The deviation of the abaciana. of identical points 

on two photographs is known a. the horixontal parallax and i. denoted by p. Fro. 
the above : 




*=1 *=2 


(31) 


If both sides of eq.(30) are multiplied by the factor ^ , or brought to the 
scale of the print, then: 


CiA^f^ 

H 

OjCf^ 

H 


► l a. 


>ici 


h 

OjCf^ 

H 


°2®2 = ^ 


^2^2 


or 


‘ * (AxAj,) _ 


(32) 


I'where Ap is the horixontal parallax difference of two points. 

the sas. tin*, the solution of the sinilar triangle. S^SjA and AjAAj yields 
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|Coo.eq»ently. the hori.ont.1 p-relU, differeace of teo poiata depeads oa the height 
I of oae of theae poiata abo« the hori.oatal plane which coataina the aecond poiat, 
i-ad ia detemiaed by the a.riaace ia the differeace of „l„e. of the abaci.saa of 
j identica 1 points on two prints. 

I If point A on the surface ia located in the sane plane aa point C then, if 

|h - O, the horizontal parallax difference Ap .ill alao be zero. Due to this and on 
I the strength of e<,.(32). the variance in the absciaaas (horizontal parallax) of 
jzdentzcal points on two photographs will be equal. Hence, 




Since the initial point C .as located ia the initial plane, it follows free 


Fig. 127 tha 


,c - OnC » B 


- X » b * p 
1 Cf 
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i.e., the horizontal parallax of the point located in the initial plane, will equal 
the photo^aidiic bane eithin the boundaries of the photografdi. 

o£ it is easy to develop 


H Ap 
> Ap 


(36) 


Iherefore, if the abscissas of identical points are neasured on the prints and the 
Talue of the horizontal parallax difference is calculated, then it is possible to 
calculate the actual elevations of the corresponding points on the anp. 

of the Elevation o£ Points 

As pointed out previously, the photogranaetric determination of the elevation 
of points consists in measuring the absolute parallax differences on the photograph 
and in calculating the elevations fro. then. Ihe steroscope is equipped uitb addi- 

•^ioppl measuring devices for neasuring the 
absolute -parallax differences. When such 
devices are used, the instruments are known 
as measuring or topc^raphic stereoscopes. 

The neasuring element of such stereoscopes 
consists of marks of various types, which 
are displaced with respect to the aerial 
photograph for determining the absolute - 
P®rallax difference. 

If, when viewing two aerial photographs 
in the stereoscope, a given mark in form of 
a dot, line, cross, etc. is placed on each of 
j them, the two marks, when viewed with both 

ieyen, will appear to be merged into one spatial mark, located arbitrarily with re- 
spect to the stereoscopic model of the terrain. Now let (Fig.128) the left-hand 

228 



I Fig.128 - Measurea^ent of Eleva- 
I tions with the Aid of 
j Wandering Marks 


& 

I. 
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wirk coincide with the point of the left-lmnd photograph, and the right-hand 
■ark >2 with the point aj of the right-hand photograph. Ihe obaerwer will thea aee 
jthe wandering nark M as coinciding with the point A of the nodel. A sinultaneous 
displacenent of both narks in any direction (e.g. . by the Talne m{m^ - 
allow Batching the wandering mark with the point C*. located at the sane distance 
from the c^serwer as the point A. The displacenent of only a single anrk in a direc- 
ti€Mi parallel to the risual space of the observer, however, will lead to an apparent 
displaceaent of the wandering anrk in depth. 

Now, if the left-hand nark is left in the position while the right-hand aairk 
is Boved froB the position nj to the position bJ, then the floating Bark b* will be 
farther away froa the observer than it previously appeared to be. Thus, a siamltan- 
eous displaceaent of both narks or the separate displacenent of one nark nakes it 
possible to superinpose the floating nark on any point of the nodel being viewed. 

Such a solution of the proLlen involves a displacenent of the narks with respect 



to fixed photographs, but the result will be the saaie if the aerial photografdis are 
Woved and the narks renain fixed. In this case (Fig. 129), the wandering marks will 
i*^**y® h® St a constant distance and in a single place, while the model of 




Fig. 129 - Displacement of a lander ing Mark 

jthe terrain is displaced in all directions with respect to the sark. Ck^dinariiy in 

I 

jtopdgraphic stereoscopes, sooie of these displacenents are made with the narks and 


229 
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c . 


some with the aerial photographs. 

The -rk. employed ie topogr.phic etereoecope. are cWified as poimt. lioe 
are. mark. (Fi«.130). With poiat «rk.. the .aaderia* ..rk appear. i„ the for. 
of a dot (poiat, iateraectioa of .hort liae., ead of a .hort liae, etc.) .hich i. 
-«cce..i,ely displaced fro- rariou. poiot. of the model. Each mark must, therefore, 

be scceptible to displacemeat from a„y point of the overlapping pert, of aerial 
photographs . 


Q u li] Q Q 0 




Fig. 130 - Forms of Marks 

To accomplish this, both marks (or both aerial photographs) are displaced to- 
gether along two mutually perpendicular axes, one of which is parallel to the eye 
base of the observer. In addition, one of the smrks (or one of the aerial photo- 
I graphs) has an independent displaceseat with respect to the other along an axis 
jP-rallel to the eye base. If the sarks consist of lines perpendicular to the eye 
ib.se of the observer and if the entire aerial photograph is perceived, the necessary 
I motions will be confined to the displacement of both marks jointly along an axis 
Iperallel to the eye base, and to the separate displacement of one of the. along that 
I same axis. Finally, with plane marks, when the entire overlap area of both photo- 
I graphs is filled with numerous marks that for- a plane, a simultaneous displacement 
I of both marks is no longer required , and only the separate motion of one of them- 

alAngr t-Kiaa 1 W a 

It is true that in th] 


IS 


necessary. 


iis case It. IS 
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r '“’I*-: ■‘“* - •— . - i. i. 

opera 1 noint- ^ 

tlx- nK. P® t of Tiew since it prerents free work of 

the obnereer on the photographs. 

Thus, ehether he has one kind of aairks or anotl.. 
irinioo . ks or another, arranged in the field of 

the Tieeing systesi, the observer nv . 1 . . . 

‘ M ~ ■ — "*= ''««= wenacnnir mrk on jkn«r 

^'”l.!lZh"^ IT -orreapo^ling scales. 

Ucl TT ““ — -- 

P cea^nt m depth of the eandering nark is readily established free Fig.128. 

right 'oioo^do -ith the point Sj of the left photograph and the 

~r eit the point a^ of the right photograph. then, the floating eark .ill 
.. .UK U. ..U. . .K. “ 

L„L ,” ““ '“*> '» ■“.KWU U. 

; .K. ..u _,K, K. .K. .J., c .K. u,u KU.m, „ 
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I, 


i 


A co.p.ri.o„ of eq..(37) .„d (32) iodictes that the imiepend.nt diapl.cea^nt, 
by c^ 2 , of the right-hand -ark is the absoIute-paralUx difference, which can be 
deternined in this way. Consequently, to determine the X-parallax difference be- 
tween the points A and C. the wandering nark nust be successively displaced from the 
points A and C of the model, and the value of the independent displacement of the 
right (or the left) mark must then be measured. The difference of elevation between 
these points can then be calculated from eq.(33). 

Ibe variations in parallax difference obtained by this method nust be measured 
wery accurately as indicated by eq.(33). Assume that photographs, 180 x igO i„ 
««e, with a 60* end lap were obtained in aerial surveying. Then the photographic 
hose at the scale of the photograph, (distance between principal points) will be 
72 mm. The flight altitude was 3600 m, a™l is used as the initial altitude, while 
the relative elevation to be measured was Im. In this case, the horizontal-parallax 
Fence will be 


Ap 


72 


X 1 


3600 m 


0.02 mm 


.Therefore, in measuring the parallax of up to 1 m. this must be done with an accu- 
racy of 0.02 mm. This indicates the importance of accuracy in aeasuring parallax, 
jit also IS necessary to measure accurately the abscissas of identical points with 
jspecial measuring instruments. This is particularly true when the points are lo- 

cated on contours that are not too clear. 

• ^ 

Despite the convenience in using topographic stereoscopes to determine relative 

elevation from prints, the method has not received wider use in the bSSR . The 
Uason for this is the fact that the horizontal-parallax difference, measured on the 
photograph, depends not only on the elevation difference of the points but also on 
|the elements of interior orientation of the photographs, thus making a calculation 
;of the elevation difference from_eq. (36) possible only for cases of ideal photo- - 
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KT-ph.. -h.„ the optical axis of both prints are strictly vertical and the projection 
center- are located in the -a« horizontal plane. In all other ca.es . the correc- 
tions for the difference between the actual condition, of exposure and the assigned 
conditions nust be applisd to the -ensured hori.ont.l-p.r.llax differences. Ihe 
corrections for hori.ontsl parallax are correlated .ith the ele-ent. of exterior 
orientation and also with the current coordinates of the control points. 

of Exterior Ok»ieptation 

T1.C elesents of exterior orientation of prints deter-ine their position with 
respect to a given systen. of space coordinates and are characterized by six quanti- 

ties. The systeai of space coordinates is 
usually described by the vertical planes 
(Fig. 131) XZ and YZ and a horizontal plane 
' outlines of these planes are the 

directions of the axes of the systea< of 

coordinates. The first three elements 
f ^ exterior orientation represent the linear 

/ >L_\^ coordinates of the center of projection and 

"e denoted by Xg, Yg, 7.^. The position of 

— .r optical axis of the camera is defined by 

the angles and cc. The angle is the 

Fig. 131 - Elesents of Exterior projection of the angle of tilt n of the 

t/r lent at ion 

optical axis to the coordinate plane XZ, 


j-hile the angle o, represents the angle foramd by the optical axis eith its projec- 
jtion onto the plane XZ a«l is. therefore, measured in the tilted pl.«,. Finally, 

I the sixth element is the angle of rotation y of the photograph in its own plane. 

|snd is measure! on the photograph bet.een the path of the plane XZ and the^xx axis 
of the photograph. Consequently, there are six elements of exterior orientation for 
each photograph, of shich three .re linear and three are angulsr. Tlrerefore. the 
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spatial position of two photographs is deterninad by twelve eleaents of exterior 
orientation. 


75. The Coordinates of Photograph Points 

The position of any of the inoage points on a photograph is determined in ac- 
cordance with a previously selected rectangular system of coordinates. 

Since the elementary object of processing in a stereophotograasoetric survey 
consists of a pair of photographs, it follows that the axes of coordinates arc 
selected simultaneously for two photographs. The principal point of the photograph 
is often selected as the origin of such a system of coordinates, in view of the 
fact that its position can easily be obtained from the isaiges of the coordinate 
1 • The direction of the axis of the system of coordinates is given by a line 

: connecting the principal points of the two photographs, while lines perpendicular 
to the XX axis and passing through one of the principal points are taken as the 
yy axis. In this way, each pair of photographs has one axis of abscissas, xx and 
two axes of ordinates, yy and y*y'. 

In processing a second pair of photographs, the direction of the xx axis will 
change, since it will be given by a line connecting the principal points of the 
second and third photographs (instead of the first and second) so that the direc- 
: tion of the ordinate axis yy will also change. For this reason, there may be two 

I 

i different directions of the coordinate axes on the second photograph, depending on 
I whether it is paired with the preceding or the following photograph. 

In accordance with the system of coordinates selected, the position of each 

t 

: point of the photograph may be expressed in a linear or an angular form. In the 
j former case (Fig . 132 ), the wanted djata are the quantities x, x*. y, and y', of 
which the coordinates x and y define the position of a certain point a ^ of the left 
photograph with respect to its ..principa 1 _ points , while the coordinates x* and y*, 
in turn, determine the position of the corresponding point a 2 of the right photo- 
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«ra with respect to the origin of the coordinates at its own principal point, 
w .he of . „„ ,, 

.he„ the <,„.»tity .ought .ill he the angle, ..J (Fig. 133 ), .hich .re 


• 

_ I >! 

— fO-gd-J 

I 

I 

I 

0 

• 


«%r I 
I 




Fig. 132 - Linear Coordinate, of the Photograph Point. 

the projection of the angle 3 foreed re.pectirel, hy the projecting end principal 
ray. on t.o planes. One of these planes is the plane containing the projection 

“hscissa axis of the photograph. 

' while the other plane is an inclined plane pro- 

duced by the projecting ray Sa , .hose locus on 

- ft *"*** ’*”*'"*"P*' perpendicular to 

abscissa axis. 




Angular Coordi- 
nates of the 
Points of an Ae- 
rial Photograph 


JryL solving the right triangles Soa^ and 

I ^ relation between the linear and angu- 

; ‘=®“rdinate8 of the points of the photograph 

; nat^Tf'^rhl'*^ readily establiahed, bearing in «ind the fact 

I Point, of an Ae - distance between the projection center 

rial Photograph and the principel point of the photograph is the 

length. Solwing the triangle Soa„, formed 
s ter projecting the point a of the photograph onto the abacisaa axis, will 


-INHSafiS^l 
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^“o “ «"• p, (38) 

ce the .ogle at point a„ i„ the triangle Sa„a is a right angle, it folloes that 


tan 0 * 2L 

^ S« 


or, after substituting the raluc of Sa 

c ’ 

tan P, = ^ eo. P. ^ 3 ^^ 

By analogy, the following equations are obtained for the second photograph: 

tan 3* * — • t-n 8* = y * fli 

* ' ‘'®*> Py — cos 


Knowing the linear coordinates of the points of the photographs, this ..hes it 
easy to obtain their angular coordinates, and vice versa. 

■^6. Horizontal -Para 1 lav Difference 

I -n-e deviation of the elea^nts of exterior orientation frou the specified values 

,of Ideal exposure conditions results in a change in the value of the abscissa for 

I Identical points on the photographs and thus in a change in the horizo„tai.i»ral lax 

^difference. Consequently, the horizontal -parallax difference is defined by the 
’equation; 

i 

j - *c, + *c. ( 32 ) 

I 

'•n.e«, as a result of the change in the abscissa, we have: 

i - 

I 

A'p = x'-x'-»*-fwr» 

•l -2 <40) 



236 
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Taking into account that 


‘’p - Ap ♦ 6p; X- . , ^ . 

* ** ■*., *A,. 

* ** 


**>'**»**<=,* 

•here 6p is the 

*5e the horixontal parallax 

the abacisa. it e i. ’ ^"2* ^c, • -nd A* 

■ *=•“ etated that: * 

- A'p - An = Ax . 

■ - **., - Ax. ♦ A, 

The , '* 

values of Ax^ , A* 

that the expoaure aaa done at 

I - X CPi..i3., alon. the al^ej; 7 ^ 

— h-a aurface. .iij ^ xepceaented at the aaa" ’ 

! on the photog^raph At th ®®i«ned altitude H by the d’ 

t the actual flight altitude H it .i,, ^ 

Will be X2, i.e. . 


= X 


and x- 


to a change tn ^e^ 


*2 - X, = Ax, = X 


<H„ - H) 


'2 - Xj 


(H„ - H) 
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CM changes in the angle of tilt a, of the optical axis, the relation bet.een 
the coordinates xj of the tilted photograph and x^ of the horixontal photograph i 



Fig. 134 - Influence of Different 
Flight Altitudes on 
the Abscissa 


- Influence of Longitud 
inal Angle of Tilt on 
the Change in Abscissi 


found by solTing the triangles Soa and So'a', foreed by the direction of the pro- 
jected ray Sa and the optical axis So or So*. 


Tben (FiR.135), 


xj - tan (a^ ^ xg = f. tan .6, 


x- - X, = Ax- = f 


[ tan a + tan 6 t 

tan 6 - * 

1 - tan tan J 


‘ ^ tan * tan tan^P^ 

j ~l~^~Tan“'«]^"Tan'"P 

j * * 

S - ■ .... 

i 

I At loa angles of tilt (a^ < 30), the second term of the denoeinator will be 

jsa-ll and can be neglected in order to simplify the solution. Then, 


Ax— ^ — f, tan fll — f. t-— n 




Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0 






Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81 -01 043R00090001 0007-0 




I- 


I 

1 - « 


v 


^naming that. 


it follows that 


X, 

t.n - 

*k 


X* 

Axj tan a - tan ot 


(44) 


On ,he a„«le .. i.e.. photograph is 

xap aced W tt. horizontal position (Fig.136) into a tilted petition, ahile the 

projected ray Sa omintains its 



fig. 136 - Effect of the Lateral Angle 
of Tilt on the Change in Ab 
scissa 


former direction. the projection 
of the point a onto the yy axis 
will be a^ for a true vertical or 
horizontal photo^aph, while the 
projection of the point a», again 
onto the yy axis, will be a^ for 
a tilted photograph. In accord- 
ance with the notations, intro- 
duced above, the lateral angle of 
tilt oSo' will be w, and the angle 


, — oe w, and the 

I ™.. ... d........ ,, ... 

; .. ,, ..... ... ^ 

land aa S will be and 6* TK-. ^ • rr , ® ° 

■ ^ X- « drffere«:e between the angles 0^ ami g; and the 

J ..Ur coordi^te ^,nd .. consists i„ the fact that the angled; is Lsnred in 

^ Plane containing the optical axis and the radial of the yy axis, whereas the 

-ng e ,s aeasnred tn the plane containing the projected ray .ml its projection 

onto the plane Sox. Similarlv « i n - 

o, • e 3^ IS measured in the plane Sox. while the 

-a rn ...e p.ane containing the direction of the projected ray and its projec- 


STA1 
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1 


tion onto the plane Soy, 

•n» li«e. .ill be perellel eo ..ch other eioce both ere perpeodi- 

culer to the pl.« Soa;.„. .o that the triengles .'a; .„d Sae, are similar. Fro. 
the suaiUrity of these triangles, it folio*, that 


Sa. 


Likewise, 


Ca f 


Xj; Sa; 


; Sa, 


coa O; ♦ 41) 


j THi**. 


cos O* u) 


cos P ' 


coa u coa 3^ - sin u sin 3; 

COB 31 


X| cos 4) - X| tan 3* sin 4 ) 


Noting that the solution of the right triangle So'a' yields 


tan P; = ^ 


c 


|a«l considering. fro» the s-all„essof the angle a, (a, « 30). that cos a. = 1. ic 


follows that 


Ax 




sin 4) 


(45) 


i "k 

I 

I Finally, if the photograph is rotated in its o*n plane through the angle x 

' (Fig 137), .ith the XX axis of the photograph preserving it. for-er direction, the 


abscissa of soaie point a can be expressed as 

Xj = r cos (9 + V ) 


240 
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vhile its ralue, before the rotation. 


X, = r cos V 


In theae equatiooa, 4 > denotes s polar angle, and r the radius rector to 


\ 


J 


*2 “ *1 “ ^*4 * *“ cos (<P + 


r cos <p = 


* r (- cos 9 + cos V cos X - ain V sin x) 


or, noting that 


137 - Effect of the An- 

...ffle r» ■f ^,.£ 

the Photograph on the 
Change in Abscissa 


1 - cos X “ 2 sin 


* .in ^ - -L 


y sin X - 2 X sin' 


* ® low angle of rotation of the photograph in i 


ts own plane 


xj - xj “ Ax^ - y sin X (47) 

Thus, the combined effect of all above elements of exterior orientation on the 
abscissas of photographed points is expressed by the equation 

Ax = Axj + Axj + Ax 3 + Ax^ = - ^ (H - ) - 


£ — sin « - y sin X 


This equation defines the variation of the abscissas of any poini 
left and right photographs . Therefore. 
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( 


A*., - - - H.) - 


t:an OL 


77 




y., »i» xi 


Ax 


■5 % ■ *^ 0 ^ - tma - 




:i» «j - 


X 2 


Ax 


-g— (H, - H^) - tan a. 


nr “m 


f (49) 


y. 


sin i0| - y 


1 


~ - H,> - f. 


tan a 


-— tan a 
fi. *» 




'’2 - Vc, ‘i® X2 


L3A 


where the subscript 1 refers to the left photo|;raph of the stereo pair, while 
the subscript "2 ” refers to the ripht photop-aph. Substituting these values in 
eq.(41), the change in horizontal parallax difference, in relation to the change 
he .lements of exterior orientation and the current coordinates of the points 
on the photograph can be calculated. For siaplifyin* this expression, we note that 
I in accordance with eqs.(32) and (35). 


, - *>: - b - Ap 


Moreover. assuuinK that the point cj coincides with the principal point of the 
left photograph, that at low angle, of tilt the difference between the ordinate. 


242 
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of correaponding points will be very and that the deviation of the elements 

of exterior orientation froai the ideal ' «2 ' Xi ' X 2 ' «! - «, = 

^2 " also small, we stay write 

tan sin 1»; sin U)^ = sin 1*; sin sin 1* 

Xi = Xi sin !»; aia Xj ' Xj »in 1* 



STA1 
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5 « 


II 


r ' 




2Apx.^ 


1 1 . 2bAp 

81.11 1* — 


axn 1* ♦ — ^ a. sin 1* - 


A * 

j “2 »*” 1' + — «„ «i 


in 1 


Tfcen, asseabling the above quantities in accordance with the coordinates of 
current points, it is not difficult to construct the final expression 


*•. / 2ba^ X* 

‘ ■V- ( • T7 ) - 


H 


2Apx 


- -rf <"2 - K„) - 


i: 


^ 2bAp ^ Ap» 

AP *» f^P "** ' f^p “2 * “x. 


(50) 


where 


'"i - "2>: P ' 

“ Sin 1 


Equation (50) permits calculating the change in the horizontal parallax differ 
ience as a function of the change in the elements of exterior orientation. 

Let 


70 H - 3500 m; b = 72 mm: x = 70 


Hj - Hj 20 m; a. 


. j 


Xl 


y.j = 70 mm; 

2*; = - 1®; «i = - 1“; Wj * 2' 

3’; X2 Ap * 0 


Then, 
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6h » ♦ 0.40 


2ha, 


2.53 


♦ 3 


- w. 


- 3 


Xi - X2 * ^ «2 

*k 


. x e.. the firet term .ill be equel to *2.13 ... the secood -3.60 the third 
♦3.60 .„d the fourth .ill be zero. Therefore, for perfectly fl.t terr.io .here 

the hori.oet.1 parelW differeoce .hould be .ero, it ectuelly equal. -2.13 
; uod the eleration differeoce, clcuUted fro. eq.(36). .ill be 109.6 Thu., if 
. the effect of the elee^of of exterior orieoftion o. the chooge in the hori.ont.l 
I p.r.11.* difference is dinregurded, the election difference, calculated fro. 

I eq.(36) .ill .ho. very large errors, interfering .ith the prepnration of ..p. .ith 
satisfactory accuracy. This fact is responsible for the li.ited usefulness of 
■ measuring or topofrrapbic st.ereoscopes . 


77. Plotting the Relief by Sections 


1 


An analysis of eq.(50) nhich expresses the change in horixontal parallax dif- 
: ference in relation to the change in the ele.«nts of exterior orientation, indicates 
I that the first and fourth teran will be directly proportional to the change in the 
j abscissas and ordinates of the observed point, .hile the second and third ter«« are 
I tied in .ith the current coordinates by a .K.re conplex relation. Therefore, if it 
i is assuned that the second and third terns are equal to sero, the change in the 
I horizontal parallax difference .ith any change in the abscissa or ordinates of a 
, current point, can be graphically represented by a straight line. For this pur- 
i IH»e, sega^nts equal to the corresponding abscissas or ordinates, are laid off on 
I the straight line representing the xx «ii. or yy axis of the photograph (Fig. 138). 

I Along the perpendicular, erected on this straight line at the point .ith the ab- 

* =■ ^OOna^^hejralues for the changes (6p) in the horizontal parallax dif- 
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i: 


ferencea, c.lcoUted fro« eq.(SO) are laid off for the ».lue X. * y. - 100 i.. 
Then, connecting the point of origin of the atreight linea .ith the end of the per- 

pendicttlar, a ffraph of the corrections for 
all interaiediate points is obtained, since, 
for these, the corrections will be repre- 
sented by the length of the perpendiculars 
from the ground line to the drawn line. 

Construction is possible when the geo- 
detic ele^stions of two points are known, 
since the change in the horizontal parallax 


138 - Graph of Correction 
for Linear Interpo- 
lations 


difference (if and » ^ 2 ) 


directly proportional to the linear coordi- 
-tea of theae poiota. In thia caae. (Fig.139). -e-auring the horixontal parallax 
difference for two points a and c having knoen geodetic elerationa on the topo- 
graphic stereoscope, and coaiparing these elevations aith those calculated from 
=q.(36), the difference due to effect of the elements of exterior orientation is 

obtained. By connecting the two points with a 
straight line and measuring the horizontal-paral- 
lax difference of any point (e.g., c) on this 
line, with respect to one of the points of origin 
linear interpolation (as mentioned above) will 
yield the change in this difference so that its 
correct value can be calculated from 


Fi 


139 - Linear Interpo 
lation on a 
Straight Line 


Ap - A*p = 6p (51) 

i 

(where A p is the measured horizontal parallax difference and 6p is its difference 
I obtained from the graph. 

I Such a construction can also be perforamd in the case where the influence of 
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the second ters* (i.c., while the third term of eq.(50) is not equal to 

rero. UoweTer, in contrast to previous ststeaients, linear interpolation mmy be per- 
formed in this case if the orifrinal geodetic points are located either along; the 
ordinate axis (xj * along the abscissa axis (y^ * y2^* these points, the 

change in parallax will be directly proportional to only one coordinate (y or x). 

over-all analysis of eq.(50) which relates the change in the 
horizontal parallax difference to the elements of exterior orientation, permits the 
conclusions: If two points, having geodetic elevations are located along 

the yy axis, the change in horizontal -parallax difference of these points will be 
directly proportional to the difference in their ordinates, which smkes it possible 
,to determine these changes for any intermediate point by means of linear interpo- 
I lation. In all other cases, the change in the horizontal parallax difference can be 
idetermined by linear interpolation only with a certain amount of error, which will 
Ibe the smaller the smaller the difference in abscissas of the selected points and 
the smaller the difference in the angles of tilt. 

For a practical solution of this problem, the entire area of the photograph is 
^divided into sections (zones), within whose limits the change in horizontal parallax 
■'difference will be considered to obey a linear interpolation law. This zone is 
iusually provided with several (usually four) geodetic elevation marks. Picking two 
!of these points for the starting points (a and b) , their horizonta 1 -para 1 lax differ- 
jences are measured and ccmipared with those previously calculated from eq.(33). Si- 
tmultaneously , parallax differences are measured at other points as well, including 
jsoroe located on the straight line ab. The differences between aieasured and calcu- 

< la ted values are used for calculating the change in the horizonta 1 -para 1 lax differ- 

f 

lential. The resultant value is interpolated for intermediate points. By subtract- 
the change in horizontal -parallax differential, obtained by interpolation, from 

i 

jthe measured value, the corrected horizontal parallax difference is obtained which 
is used for calculating the elevation difference. 


I i 


Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0 







Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81 -01 043R00090001 0007-0 


the eecoiKl ter. (i.e. , ehile the third ter. of eq.(50) i. not equal to 

aero. UoareTer, in contrast to previous ststenents, linear interpolation nay be per- 
foriKd in this esse if the ori^insl seodetic points are located either along the 
ordinate axis (xj - Xj), or along the abscissa axis (yj - yj). For these points, the 
|chnnge in parallax will be directly proportional to only one coordinate (y or x). 

: Therefore, an over-all analysis of eq.(50) which relates the change in the 

jhorisontal parallax difference to the elea.nts of exterior orientation, pernits the 
I following conclusions; If two points, having geodetic elevations are located along 
jthe yy axis, the change in horisontal -parallax difference of these points will be 
jdirectly proportional to the difference in their ordinates, which nakes it possible 
Jto deternine these changes for any internediate point by neans of linear interpo- 
jlation. In all other cases, the change in the horisontal parallax difference can be 
ideteraiined by linear interpolation only with a certain accunt of error, which will 
jbe the snaller the sanller the difference in abscissas of the selected points and 
|the ssnller the difference in the angles of tilt. 

I ® practical solution of this problem, the entire area of the photograph is 

idivided into sections (zones), within whose limits the change in horizontal parallax 

j *^^*^*“*'® 1** considered to obey a linear interpolation law. Ihis zone is 

I 

iusually provided with several (usually four) geodetic elevation narks. Picking two 
of these points for the starting points (a and b) . their horizonta l=para llax differ- 
Icnces are measured and compared with those previously calculated from eq.(33). Si- 
Imultaneottsly, parallax differences are measured at other points as well, including 
Isoam located on the straight line ab. The differences between measured and calcu- 




values are used for calculatiinfF rhe in- the her ^ ^ 

jential. The resultant value is interpolated for intemmidiate points. By subtract- 
jing the change in horizontal -parallax differential, obtained by interpolation, froai 
jthe measured value, the corrected horizontal parallax difference is obtained which 
I is used for calculating the elevation difference. 
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n* niaber of aectiono that the field of the photograph ia divided into dependa 
on the required accuracy of plotting the relief and the qunlity of the calculation 
dnta. For unking ..pa at a acale of 1:100.000. the print ia divided into two or 
^ three aectiona, when aerial fdiotographa are uaed. Siamltaneoualy, when deteruining 
I the valuea of elevation for a aeriea of interaediate point, of each aection, the 

“ plotted together with the elevation narks located within the boundaries 
j of the section. 

I ^P»i^^ication of the Control Network by the Straight -Line Method 

I The geonetric principle of the straig|&t-line Mthod, proposed by G. V^Boegiknov- 

j skiy, encoapasses the fandanental law of projective geoseetry that a straight line 

! in space is as«^ied by a straight line on the 

I 

j - ^ picture plane. This is due to the fact that, 

I \ / / throiigh the center of projection and the 

i \ / spatial straight line, a plane nay be drawn 

j that always intersects the plane of the aeri> 

! ! W lAotograph along a straight line. How- 

i \ \ ever, the location of the image of three 

j \ ^ points of a locality along a straight line 

j ^ aerial photograph does not mean that 

I corresponding straight lines of the ter- 


rain are col linear. 


j ig.l40 - Selection of Points ftew let the three points a, c, and d 

I on the Aerial Photo- 

I graph for Making a photograph (Fig. 140) be col- 

Straight-Line Method linear. Then, through this line and the 

center of projection Sj a plane can be pro- 
duced in which the corresponding points A, C. and D of the terrain are located, re- 
gardless of whether or not they lie on a single apatial straight line or at the 
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locus indicated in Fig. 140. At the same time, the images of these three points on 
the second photograph will usually be non-col 1 inear , except for isolated cases. In 
order that the iaages of three points of the terrain shall be, at the same time, 
adjacent photographs, it is a necessary condition that, through 
I these three points and the two centers of projection, two planes are drawn inter- 
secting both picture planes in straight lines. This condition will be satisfied if 
,'the three points of the locality lie on a single straight line in space or if these 
planes coincide, i.e., if the three ground points and the two centers of projec- 
tion are coplanar. 

second of these cases corresponds to the arrangeaient of points on aerial 
jphotographs in straight lines roughly parallel (for the case of a plan aerial photo- 

the direction of the base line. Therefore, to exclude the second case 

i 

ifroai consideration, the points on the photographs must be selected along directions 
! roughly perpendicular to the directions of 

^ O base line. In that case, the collinear 

^ [ I location of the three points a, c, and d on 

~ T « • 

, I ‘ the left and right aerial photographs indi- 

\Cq ^ Oq • ^ 

;>• , '<c • • cates that the corresponding ground points A, 




C, and D 1: 


ingle spatial straight 


line. On the other hand, if on one photo- 


j Fig. 141 - Letermining the Ele~ graph three points aj^, Cj, and dj are col- 

! vation Difference of 

; a Point Located on a deviation of the point dg 

, Straight Line in of the second aerial photograph from the 

i Space 

j straight line joining the point a 2 and C 2 

I indicates that the three ground points A, C, and D do not lie on a single straight 
I line in space. In this case, the deviation of the point d 2 from the line a 2 C 2 will 
j be a result of the relative elevation of the point D above the line AC. Thus, a 
I study of the character of the location of three points on two aerial photographs 
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permits determination of the mutual location of the three ground points. 

In densification of a basic vertical control net by the straight-line method, 

t;he elevations of points A and C of the 
ground are deteraiined geodetically , and the 
elevation of any other point, e.g., point D, 
__ on the same straight line, is then found 

photogramnetrically. In Fig. 141. let all 
* three points A, C, and D be located on a 

single straight line, and let the elevations 
of points A and C be known. Then the ele- 
a vation of point D is found from the siaii- 

larity of the triangles ACX:^ and ADD^, 

Fig. 142 - Determining the Excess whence. 



Fig. 142 - Determining the Excess 
of a Point by Measuring 
the Photograph 


Ad = A, 


(Ac - 


To determine the elevation of point D from eq.(52), the distances Dj and D 2 
between known and determined points must be known. These distances can be replaced 
by radials measured between the images of these points on the aerial photograph. 

Let (Fig.142) an aerial photograph occupy a strictly horizontal position, and 
let the three ground points A, C, and D be located on some inclined straight line. 
Produce from the points A and C horizontal straight lines to their intersection 
with the projecting ray SC at the points E and K. Then, the triangles acS and AES, 
dcS and DKS, and ACE and CDK will be similar. The similarity of these triangles 


AE - ac; Dh = dc; ^ ^ 

CX KD 


where and Hp a re the height of the camera station above the plane containing 
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c 


«nd D. Noting that AC * and CD “ D 2 , and denoting ac by dj and cd by d 2 , we maty 
write 




H.d 


'A"l 


H*d 


A "“I 


d, + d. 


(53) 


If we assuae that (d j then 


D, + D, 


0 “ (0 * 1 ) 


Ajj - 


(54) 


or , fron eq . (52) 


A. = h = Q - (O - Q) 


t ] ( ^ ■ ^* ) 


Finally, 


O (A^ - A^) 


(55) 


1 (O - 1) 


Equation (55) clearly indicates that, to determine the elevation difference of 


the point D over the point A, the elevation difference between the points C and A 


j located on the sane straight line must be known, and the distances d^ and d 2 between 
I the images of these points on the aerial photograph must be measured. 

I If the point D of the ground does not lie on the straight line in space joining 

I the points A anc C, then the determination of its elevation is performed in two 


stages. At first the elevation of some point D* (a fictive point) located on the 
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Straight line AC is found, and then the elevation of the actual point C with respect 
to the fictive point. The solution of this problen is illustrated in Fi^. 143 . Oto 
the left l^oto^ai^, let tlws ima^s a^, Cj, and dj of three ground points be col- 
linear, while, on the ground, let the point D be higher than the line AC. Then the 
® 2 * ® 2 » ^2 these sane three points on the right photograph will not be 



I Fig. 143 - Cetemining the Excess of the Actual Point over the 

I Fictive Point 

I 

I 

I collinear. i.e., point d2 will deviate from the line S 2^2 * certain quantity 

j ^ 2 *^ 2 * Theo. prolong the line AC to its intersection with the projecting ray S^D 

I at the point D* ; the resultant point D* will be the fictive |K>int whose image on 

I the right photograph will be at the point d^, lying on the line a2C2. If. through 

the right projection center S2, the ray S2d2 is drawn parallel to the ray Sidj, 

then its intersection with the plane of the right photograph at the point dj will 
lie on the line since the rays S2d2. S2d2, and S2d2 will be coplanar. If 
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i 


then the plane S^S2D is drawn, the rays S2d2 and Sjdj will lie on this plane (and, 
consequently, also the ray SjjdJ i« parallel to it). The sasie plane will then 

contain the point D* and, obviously, also the ray S2D'. 

Assuning the planes of both photofnraphs and the photographic base SjS2 to be 
i horizontal, it is logical that the triangles d^ 2^2 SjSgD, and also d ^^2 
SjSjp*, will be sinilar. For this reason, the sides of the triangles hawe the sasie 
» ratio to each other as the focal length of the camera has to the flight altitude Hp 
and abowe the planes drawn through the points D and D* , respectively. Thus. 


Hd 


•2 "2 


Hd 




d^d 


2«2 




Bf. 


HdHd 


Ah 


jwherc Ah denotes the elevation of point D over D*. Th#- quantity represents the 

‘horizontal parallax difference, determining the distance of point d2 from the line 
jdrawn between points a2 and C2* For this reason, the elevation reference mark of 
I the ground point D will be expressed by the relation 


Q (Aj, - A^) 


1 ♦ (Q - 1) 


B fu 


(56) 


I Thus the straight-line method makes it possible to determine the elewati 


on 

ine 


1 ***^^ any point D whose image is located one one of the photographs, on a li. 

j joining the images of two other points whose elevation is known. For this purpose, 
jthe difference in horizontal parallaxes Ap and the radials d^ and dg on the photo- 
I graph must be measured from the known point to the unknown 


point. 


253 
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Hicrc are two varianta for the deosi float ion of the eieTation control network 
by the straic^ht'-line nethod. In the first case, densification takes place within 
the limits of a single pair of photographs in the zone of their end lap. Hie 




I Fig. 144 - Selection of the Straight Line in the Zone of End Lap 

! 

j i® selected to lie in a direction roughly perpendicular to the base 

■line (Fig. 144), forming an angle of not less than 30® with it. Two of the points 
I of this line must have geodetic elevations, preferably at the end of the icarked line 
I (in that case Q will be less than unity, which increases the accuracy of the deter- 
I minations ) . 

I The photographs are placed in the measuring stereoscope and adjusted (oriented) 

i 

jso that the marked line is perpendicular to the xx axis of the instrument. The 
jhorizontal parallax is measured at all points and will be equal at points A and C. 

horizontal parallax difference Ap of point D with respect to the two other 
j points is used for calculating the elevation of point D. If the straight line forms 
jan angle y, different from 90®, with the base line, then the measured horizontal 
I parallax difference Ap' will be inaccurate; to obtain its accurate value, it BRist 
I be divided by cos (90* - y) or by sin y. Then, the equation for calculating the 
I elevation of the points will take the form 




1 + (Q - 1) 


Aj. - 


A * u ut 


Bfu sin y 
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.,.M„ .k. 

r ul.'“*“ ■“*'■■ ’*• ““ ““ ■* *- •“ ■>' -- 


1^ li_i_5l iLiJ liii 

m\ im irm 


L j L j r :j o 

' ! Fi«.145 - Co„d.„..tio„ of Stpoight Line in Zone of Side Up 

err ' 'h*’r' "" ”*"“ ■“• ■” ■‘“i—.™.i» d.pic..d .. 

overlap, i.e., appear on the sec- 

jflT' 

I third photographis . Thus, 

I will be narked on the 

j -p ’’"’*] ; ' : wwcond photo^aphs, supplemented 

j ' ^ » a ^ “ third point located simul- 

I , . ^ «" the third and fourth 

I Straight-Line Method Photographs. Siadl.r selection 

I points is continued until the 

(end of the straight line so marked. 

Loth 1^7“” ““ <»i«-ence. the two first photographs of 

oth flight strips are adjuated in the measuring stereoscope until the straight line 

_^ts perpendicular to the *r ari. of the instrument. fhe datum points in the densifi- 
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‘V’ 



1 


f 

: 

I 3: 


I 

I 


f t 

1 1 

:• f’ 

hi 


I ; 
I > 
I : 

I.; 

j , 
>0 

9' 

*>' 


c.t,o„ of the eleeetioo control oetoork obfiood by the stroight-li™. «thod co.- 
prtee . doto. point h.rin« . hnonn geodetic elerntion. nnd Che point 1 .hone eleve- 
tron t. nrbitrnrily ...i*„ed. Fro. the hncn point, of eleention. the .tr.i,ht-line 
-eth^ i. 0 . 0 , to deter.i„e the fir.t nnhnonn nnd then the «xt. etc. until the end 
reached. Arbitrary elevation valoea are used. The proKres- 
~thod i. oaod until the last photograph i. reached, ao that the elevation of 
: point. 3 and 4 can be uaed for deter.i„i.« the elevation of point II having a geo- 
j «»etic elevation, -n-e difference beteeen the arbitrary and the geodetic value, of 
, elevation^of point II .ill be the error in the arbitrarily .elected elevation of 
: point 1 . lo detereine the correct value of the elevation of that point, the differ- 
j-ce at .»int II .„.t be divided by the nunber of ba.e. into .hich the atraight line 
I Had been divided, and the quotient -uat be aubtr.cted fro. the elevation taken for 
,Po.nt 1. No. if the reference ..rk for point 1 (Fig.146, ... i„ error by the guan- 
jtity 1-1 , then this error increases to the quantity II-H* .t point II, .hile all 
|-ter..di.te points are in the position. 2 • . 3 • . and 4 • . To obtain the correct 
|~rk. of all points selected, the discrepancy Il-ir „ust he divided proportionally 
I to the distance to the points selected and the resultant quantity .ust be applied. 

, t rerersed signs, as corrections to the elevations so determined. 

, errors of elevation densification by the straight-line method increases 

rtth increasing number of photographs bet.een the points of knoen geodetic eleva- 
tion, because of the unavoidable errors in photogrammetric constructions. An addi- 
tional increase in error is caused by relief of the photographed terrain, so that 
.the straight-iine a«thod is useful only on level or slightly undulating terrain. 


! 

. , j Ihe densification of the elevation control net.ork by the .traight-line 

^E>- I nay be convenienti I v 


thod 


® mett 

lfc«by.K.. .... ^ 
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• . . Uf. pi... i. i. ^ 

.P. 

( ■ during deosification of the eleration 

: ■ I I \ r ] j network by the straight-line nethod, the 

. \ \ I first plate is placed on the left pboto- 

a \ i Rraph so that its line coincides with 

1 \ i enlected line. In the sa.» way, the 

\ \ I ^ plotted line of the second plate is 

J I L_, i \ I / I — tched with the straight line ajcj on 

i \ ! riKht photograph, after which both 

■ ' * 1 - 

' ' \ i ^ ^xth the photographs are brought 

i \ together until their beveled edges coin- 

j cide. If a simple stereoscope is placed 

! \ photographs, the observer will 

ip.,,., ® stereoscopic model of the terrain 

j Fig. 147 - Parallactic Sine Ruler and a i i 

j and a spatial line cutting the model at 

initial position, the 

, reading ,s taken on the index of the beveled edge of the plate 

, On displace„»„t of one of the plates along the beveled edge of the other, the 

.rstance between the plotted lines, .hich reaain psrallel .to one another, will 

Wn't’ - ■« — cea^nt of the a.tial line 

L to/ <^»Pl«e-e„t the flatting „-rk can be superimposed on 

, e Potnt O Of the saxlel. sfter which the new position of the piste is resd off on 

L f - — -- 

Ce an leT ^ - 

Ingle * °T ^ *"'* Since this 

...... .. .. s.«., .... 


Fig. 147 - Parallactic Sine Ruler 
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j Fig. 148 
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of the plate will be ten tines as great as the change in distance between the gradu- 
ation lines, which is equal to the horizontal parallax difference between points B 
and A. Consequently, to obtain the desired horizontal parallax difference, the 

Bieasured displacenent of the index of the 
plate nust be divided by ten and used for 
calculating the elevation difference. 

In detersdning elevation by the straight 
line nethod with the aid of a measuring ste- 
reoscope or parallactic rulers, the photo- 
graphs need not necessarily be so adjusted 
that the straight line is strictly perpendic- 
alar to the xx axis of the instrument or 
cs^xncides with the index line. In this case, 
taking one of the points of the straight 
line with a known elevation as the datum 
point, the horizontal par.^.llax difference of 
the two reaaining points is laeasured by the 
I above-described method. Tben. by simple calculations, the same horizontal parallax 
I difference of the third point with respect to the two other points which would have 
I been measured if the orientation of the photographs had been strict, is now deter- 
jmined. Ibis procedure considerably facilitates orientation of the photographs, 
j The calculation of the horizontal parallax differences is performed in a record 

I on the form presented in the Table given below. 

I In Column 1 of this record, the number of the aerial photograph with which the 

I me.aure.ents were msde is entered; in Column 2, the number of the orientation, which 
(is always done twice (as a cross check); in Colua* 3. the number of the point on the 

I straight line selected; and in Column 4, the readings on the scale of the parallax 

1 

j screw. Taking the reading at point 1 for the datum and subtracting it from all 


Measuring the Horizon- 
tsl Parallax Difference 
with a Parallactic 
Ruler 


258 


fl ^ 





Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R00090Q010007-0 






Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81 -01 043R00090001 0007-0 



Record for th. Hori.ooC.l P.r.U.x by tho Str.i,ht-Li»e Method 


I Orientation 

No. 




Apt 

wm 

8 

9 




jotter readings, *,11 g„e the measured horizontal parallax differences which are 
i entered in Column 5. Column 6. the distances measured on the photographs along 

jbhe straight line fr«. the initial point to the two other points are entered, and in 
I Column 7. the ratio of these distances to the distance to a seco^l point of h„<«n 
I elevation. The product of these ratios by the measured horizontal parallax differ- 
ience of point 2 (a point of kncn elevation), used with reversed sign, gives the 
I quantity 6p - , .hich is entered in Column 8. The sum of the values of Columns 5 
land 8. entered in Coluao. 9. represents the horizontal parallax difference which 
l.ould have been measured at strict orientation of the photographs. The same calcu- 

|latio„s are made for both orientations, and the average of these values is entered 
j in Coliunn 10. 

j The calculations of the elevations of points by the straight-line method is 

I done xn a speciaj record of the followinf? form. 

I in this record, the number of the aerial photograph is entered in Column 1; the 

number of the point of the straight line in Column 2; the flight altitude above the 
Plane pm.sing through the datum point, in Column 3. the coefficient calculated from 
the eouation given in Column 12 is entered in Column 4 and serves for the transition 
from the .masured horizontal parallax differences to the elevation differences; in 
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Record for Celculetiog Point Eler.tion. by the Streight-Line Method 


1 

Ap 

Ah Q 

Ch 

6* 

h 

A 

Bemmrkm 

■ 

■ 

■ 

* 

ai 

■ 


5 

6 7 

8 

9 

10 

13 

12 

0.00 

0.0 




194.5 

Bf]^ sin Y 

0.00 

0.0 1.000 

-16.2 

- 

-16.2 

178.3 


-0.60 

-10.4 1.936 

j -31.4 


-41.8 

152.7 

6' - C (A, -A,) X 

^ (Q - 1) 

H 


i Column 5, the parallax values of Ap are transcribed from the record. The product 
I of the data in Columns 4 and 5 is next entered in Column 6. Fro. the same record, 
j the values of Q are entered in Column 7. The knoan elevations of points 1 and 2 
: are then entered in Column 11; the elevation of point 2 .ith respect to point 1 is 
, next calculated and entered in Column 10. The resultant elevation difference (in 
j this particular example -16.2 m) is multiplied by the value of Q and the result 
entered in Column 8. Since the calculated quantity represents merely the numerate 
of the second term of eq.(56), the correction 6- is applied to it at differences i, 
I elevation of more than 50 m, to allow for the deviation of the denominator from 
j unity. The correction is calculated from the equation in Column 12. while the re- 
I ault of the calculations is entered in Column 9. The sums of the quantities en- 
j tered in Columns 6. 8. and 9 Rive the values shown in Column 10; by adding these 
I to the reference marks of the datum points, the geodetic elevations (Column 11) of 

i the points to be deternined are obtained. 

! 

In the case of transverse lines passing across a number of stereo pairs, the 
arrangement of the record becomes slightly more complicated, but the principle of 
calculating the elevation of the points remains the same. 
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